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ABSTRACT

ATACM is a computer model designed and built for the Arms Con-
trol and Disarmament Agency for use in analyzing the impact of various
force mixes upon a tactical airwar in Europe between NATO and Warsaw Pact
forces. ATACM models an air campaign as a zero-sum staged game and ©
employs dynamic programming to solve this game for approximate, optimal
MAXMIN/MINMAX aircraft allocation strategies for the opposing sides at
each stage of the campaign. The model permits multiple aircraft types
with user-assigned missions, numerical and fractional reinforcements as
a function of stage, and user selection of the objective function used to
generate the optimal strategies.

Descriptions of the problem formulation and the engagement and
optimization methodologies used to solve it are presented along with a
user's guide and CDC 6600 FORTRAN listings.
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INTRODUCTION

The ACDA Tactical Air Campaign Model (ATACM) is a computer model
designed and built for the Arms Control and Disarmament Agency (ACDA) for
use in analyzing the impacts of various Mutual Balanced Force Reduction
(MBFR) proposals upon a tactical airwar in Europe between NATO and Warsaw
Pact forces. The design of ATACM was based upon the findings of a survey
(Reference 1) of existing tactical air models conducted by KETRON to assess
the applicability of existing models to ACDA's requirements. Results of
the survey indicated the need for a new model incorporating the most desir-
able features of existing models (e.g., TAC CONTENDER, VECTOR, OPTSA,
DYGAM) into a rigorous optimization framework allowing more aircraft types
and a wider selection of aircraft missions.

As a realization of the survey's recommendations, ATACM models an
air campaign as a zero-sum staged game between opposing forces and em-
ploys dynamic programming to solve this game for approximate, optimal
aircraft allocation strategies for both sides at each stage of the campaign.
Because of the economies associated with the optimization methodology
used, ATACM offers many features previously not practical in other optimiz-
ing models. Specifically, ATACM permits:

e as many as four user-defined aircraft types per side and
as many as eight different missions per aircraft type

e automatic generation of approximate, optimal, enforceable
aircraft allocation strategies as a function of stage for any subset of the
missions for which user-specified fractions are not supplied. The user may
specify all, part, or none of the allocation fractions for a given aircraft
type and the model generates optimal values for those fractions not specified.

e calculation of firm upper and lower bounds on the objective
function value associated with the enforceable strategies employed

e option to use a weighted sum of three different objective
functions as the criterion for generating the optimal strategies

e option to individually weight the Blue and Red contributions
to these objective functions as a function of stage

e option to specify fractional or numerical reinforcements for
any aircraft type as a function of stage

1
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: Following sections present a description of how the problem of
' tactical air warfare is formulated in ATACM, a description of the attrition

i relationships used to evaluate the outcomes of air-to-air, air-to-ground,

and ground-to-air engagements, and an outline of the optimization metho-

| dology used to generate optimal enforceable strategies and objective func-
tion bounds. Appendix A is & user's guide for ATACM which describes the )
model's inputs, outputs, and general operation. Appendix B presents
programming documentation and FORTRAN listings coded for the CDC6600. ’
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PROBLEM FORMULATION

ATACM formulates a tactical air campaign as a staged game between
opposing Blue and Red air and ground forces. It generates for each side,
and for each stage of the war, strategies which optimize the utilization of
these forces over the length of the campaign. Figure 1 presents a graphical
representation of a general staged game which depicts the roles of those
essential elements which will be described in detail in following sections.

In Figure 1, for each stage or time period of the campaign, vertical
planes represent the state space of possible beginning and ending force
levels for the opposing sides. Corresponding to each point in the beginning
state space for a given stage, a game matrix can be constructed with mt and
ni strategies available to Blue and Red respectively. The numbers of strate-
gies, mt and n¢, are a function of stage, while the one-stage payoffs in the
game matrix depend upon the starting resource levels, the objective func-
tion chosen as a measure of overall performance, and the strategies selected
by both sides.

For a given strategy selection at the beginning of stage 1, assess-
ment relationships determine the value of the payoff and the attrition or
losses suffered by both sides as a result of the one-stage battle, The
dashed line in Figure 1 from stage 1 to stage 2 depicts the effect of this
attrition and shows that the starting force levels for stage 2 will, barring
reinforcements, generally be less than those for stage 1. The decision
facing both sides at stage 2 is analogous to that at stage 1, the only possible
difference being the strategies available to each side and the associated
one-stage payoffs. Once again strategies are chosen, the objective func-
tion is incremented by the corresponding payoff, attrition relationships map
the starting force level for the current stage into a new point in the state
space for the next stage, etc. This process is repeated for the number of
stages in the game, and the value of the objective function summed over all
stages determines the outcome of the campaign,

Within the general framework depicted in Figure 1, the key elements
in the formulation of a tactical air war as a staged game are the forces,
strategies, and objective functions. The way these elements are defined in
ATACM is described in the following paragraphs of this section. The key
elements in the solution of a tactical air war include the assessment metho-~
dology, used to compute payoffs and attrition, and the optimization metho-
dology used to select optimal strategies at each stage of the campaign.
These elements are discussed in following sections.

3
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OPPOSING FORCES AND MISSIONS

In the ATACM formulation, opposing forces consist of aircraft,
SAMs, and ground divisions deployed in the stylized scenario depicted
in Figure 2. A single airbase on each side serves as the staging area for
all air missions flown against the opponent's SAMs, ground troops, or
airbase. SAMs, which may be interpreted as any type of surface~to-air
defense weapons, are segregated into forward and rear components corres-
ponding to the location of the area they defend. Ground troops are defined
in terms of homogenous divisions fighting on either side of a single~sector
front (FEBA).

Aircraft

As many as four aircraft types can be assigned to either side and
each of these types may be assigned as many as eight missions chosen
from those listed in Table 1. In the course of a battle, forward and rear
SAM suppressors (FSS and RSS) deploy before other aircraft and suppress
the enemy's SAM sites. Afterward, aircraft assigned to fly close air
support (CAS) attack the enemy's ground troops, reduce their total firepower,
and directly influence the movement of the FEBA. Airbase attack (ABA)
aircraft attack the opponent's airbase, destroy aircraft parked in shelters
or on the open airfield, and thus reduce the enemy's effectiveness later
in the war. Close air support and airbase attack escorts (CASE and ABAE)
accompany the CAS and ABA aircraft on their attack missions and provide
them protection from the opponent's battlefield and airbase defenders (BD
and ABD). Finally, aircraft assigned to the Nothing mission remain on the
ground during the battle because of the strength of opposing forces, main-
tenance requirements, unpreparedness due to a surprise attack, etc.

SAMs

The mission of the forward and rear SAMs is to defend the ground
troops and airbase by attacking and destroying enemy aircraft. In prose-
cuting this mission, forward SAMs attack FSS, CAS, and CASE aircraft in
direct defense of the ground troops, as well as RSS, ABA, and ABAE aircraft
which must fly over the forward SAMs to reach their targets in the rear.
Rear SAMs attack only those aircraft flying RSS, ABA, and ABAE missions.
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TABLE 1

AIRCRAFT MISSIONS PERMITTED IN ATACM

Acronym Mission

CAS Close Air Support

ABA Airbase Attack

BD Battlefield Defense
Airbase Defense
Close Air Support Escort
Airbase Attack Escort
Forward SAM Suppression
Rear SAM Suppression

No assigned mission




Ground Troops

Because ATACM was designed as a tool for studying the effects of
different numbers and types of aircraft upon the outcome of an air campaign,
the ground representation is simplistic and serves primarily as an input to
the figure of merit used in the optimization process. Ground troops are
segregated into homogeneous divisions with each division assigned a maxi-
mum firepower score. Successful CAS sorties flown against the enemy
troops reduce this maximum firepower by a specified amount, and FEBA
movement is then calculated as a user-specified function of the ratio of
the total net firepowers delivered by Blue and Red respectively.

STRATEGIES

Given the forces and missions described above, the strategy a
commander uses during a given time period or stage is a fractional allocation
of all aircraft to missions. For example, if only one aircraft type is avail-
able to the Blue commander, and this aircraft can prosecute four missions
selected from Table 1, the set of possible strategies from which he may
choose can be characterized as the set of all 4-tuples whose elements are

positive fractions which sum to one. Examples include (.5, 0, .5, 0),
(.5,0, .2, .3), (.25, .25, .25, .25), etc. In thée general ¢ase of &
missions, s~tuples representing possible fractional allocations for one
aircraft type are called decision vectors.

If the Blue commander has only one aircraft type, the sets of
possible decision vectors and strategies are identical. If two aircraft types
are available to the Blue side, the set of possible strategies corresponds
to the set of all possible decision vector pairs with the first decision vector
representing allocations for aircraft type 1, the second allocations for air-
craft type 2. An example of a strategy for two aircraft types, each with
four possible missions, would be

((.5, B0 et Ll 8 AR .1))

Analogously, possible strategies for a side with three aircraft types can
be represented as decision vector triples, etc.

To limit the number of decision vectors (and thus strategies) from
which ATACM must choose an optimal allocation, a parameter called a
minimum allocation fraction is specified for each aircraft type. The minimum
allocation fraction for an aircraft type is the smallest fractional unit which
can be assigned to any mission. In the case of an aircraft type with four
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assigned missions, a minimum allocation fraction of .5 limits the set of
possible decision vectors to the following ten.

(1, 0, 0, 0) (@ .8, 0 .5 :
(90,0, .5 0, .5, .5, 0)

{300, o3, 6 (0, 0,1, 0)

(+8, 5,0, 0) (0, 0, .5, .5)

(0,1, 0, 0) (0, 0, 0, 1)

Correspondingly, the number of strategies available to a side with two,

three, or four such aircraft types would be 100, 1000, or 10,000 respectively.
In general, the number of possible decision vectors V for an aircraft type

with s missions and a minimum allocation fraction equal to 1/t is given by

y o fett-Dt (1)

(s =1)! t!

In addition to aircraft types, missions assigned, and minimum allo-
cation fractions, ATACM permits one other importaat specification which
determines the set of strategies available for a particular stage of the con-
flict. The user is allowed to specify, for any stage, a fixed assignment of
aircraft to mission in terms of a multiple of the minimum allocation fraction.
Looking at the previous example, the user can force half of the aircraft to
prosecute the first mission assigned by specifying the first element in the
corresponding decision vector to always equal .5. In that case, the set
of possible decision vectors for the specified stage and aircraft type reduces
to the following subset of those shown above;

(65, 105, J9)
(. 50, . ¥ M
55,08, U, )

The set of all strategies generated from these three decisicon vectors will
reflect the specified allocation, and the strategy selected from this set by
ATACM will optimize remaining allocations over those missions for which
fractions are not specified.

As can be seen from this example, as more and more fractions are
specified, the number of possible decision vectors and strutegies decreases,
and the process of strategy selection optimizes over fewer and fewer missions.
In the extreme case, where all fractions in all decision vectors are specified,
the set of strategies available at each stage reduces to a single strategy.
Strategy selection then becomes a vacuous operation, and the net effect is
an evaluation of an air campaign using a user-specified strategy at each
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1 stage. Thus, depending upon the number of mission allocations speci-
fied, ATACM can be used as an optimization, sub-optimization, or
! strategy-specified model. "

OBJECTIVE FUNCTIONS

ATACM permits the user to select any linear combination of three r
objective functions to be used as the overall measure of the opposing
forces' performance during an air campaign. Specifically, the overall
objective function used as the criterion for strategy selection can be ex-

' pressed as

i 2°2 373

where f1 difference of total Blue minus total Red CAS firepower

i F=wif +wf +w,f (2)

f2 = difference of total Blue minus total Red (CAS firepower + !
ground firepower) ‘

f3 = total FEBA movement computed as a user-specified function
of the ratio of Blue's total ground firepower to Red's

and W, user specified weight on fj, - =E85 2, or' 8.

By appropriate choice of the w;, the user can optimize using any
one of the f;, or he can generate hedging strategies -- those not precisely
optimal for any single criterion but instead optimal for several criteria
at once -- by specifying F to be a combination of the f;. Regardless of
what F is specified, B4 fz , and f3 are also computed and recorded individ-
uaaly making it possible to simultaneously monitor the effects of different
optimization criteria on each of the objective functions.

. | In addition to the weights w1, wp, and wq, ATACM also permits
the user to weight the Blue and Red components of f1. f2, and f3 by stage. i
To illustrate, each fj can be expanded as follows:

T+1 )
& =t=lthASBt - r,CAS, (3) :
T+1
t, =t=21 B IEE =7, TPRgy (4) .
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T+1
b iphan R FEBA,
t=1 2

where number of stages in the campaign

CAS firepower delivered by side k during
stage t for t<T

on side k at end of war for t+T+1

total firepower (ground + CAS) delivered
by side k during stage t for t<T

residual value of undamaged aircraft on

3 residual value of undamaged aircraft
( side k at end of war for t+T+1

_ ’ FEBA movement during stage t for t<T
) 0 for t=T+1

weight on Blue's contribution to the objective
function during stage t (bT+1=1)

weight on Red's contribution to the objective
function during stage t (rT+1=1)

Depending upon the scenario being simulated, the weights bt
and ry can be used to reflect the various effects of logistics, force
readiness, pilot skills, ground terrain, etc., all as a function of stage.
For example, in the case of a surprise attack by Red, the amount of
firepower Blue can deliver per sortie during early stages of the war
might be severely limited by logistics, readiness, etc. To simulate
this situation, weights b; specified for the first few stages of the war
would be smaller than those specified for later stages.
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ASSESSMENT METHODOLOGY

Returning to the general description of a staged game depicted in
Figure 1, the assessment methodology computes the values of the payoffs
in each game matrix and the attrition suffered by both sides as a result
of each possible one-stage battle. The important considerations in
describing this methodology include the types of engagements which may
occur between the opposing sides, the sequence in which these engage-
ments occur within each stage, and the relationships used to compute
attrition for each type of engagement. An important finding of the survey
of existing models was the general lack of agreement concerning the best
way to treat each of these facets of the assessment procedure. The
assessment methodology described below is a mix of those used in OPTSA
and VECTOR (References 2 and 3) and consequently suffers from some of
the same limitations cited in Reference 1. In consideration of these
limitations, ATACM is purposely structured so that other, alternative
assessment methodologies can be implemented with minimal programming
effort.

TYPES OF ENGAGEMENTS

In the current version of ATACM the types of engagements per-
mitted can be classified as air-to-air, air-to-ground, and ground-to-air.
Air-to-air engagements occur when CAS and CASE aircraft engage battle-
field defenders or when ABA and ABAE aircraft engage airbase defenders.
Air-to-ground engagements occur when ABA aircraft attack the opponent's
airbase, when SAM suppressors attack the opponent's SAMs, or when CAS
aircraft deliver ordnance against the opponent's ground troops. Ground-
to-air engagements occur between SAMs and opposing aircraft flying SAM
suppression, CAS, CASE, ABA, or ABAE missions.

ENGAGEMENT CYCLES

The first event in each stage of the air campaign is the addition
of any numerical or fractional aircraft reinforcements specified by the
user. Thereafter, attrition and payoffs for each strategy pair are computed
and accumulated over a specified number of equal length time periods
(e.g. days) called engagement cycles. The first event in each engagement
cycle is the assignment of aircraft to missions accotding to the strategy
pair being examined. Then, using specified sorvie rates per cycle, these

12
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assignments are converted into sorties which progress en masse through
the engagements described below.

FSS and RSS Engagements

FSS and RSS missions depicted in Figure 3 are flown by each
side before all other missions in an attempt to clear corridors for sub-
sequent battlefield and airbase attackers. SAMs successfully attacked
by suppressors are killed for the duration of the stage in which they are
suppressed, but are replaced or restored at the beginning of the next
stage. SAM suppressors successfully engaged by SAMs or destroyed by
the opponent's airbase attackers are lost for the duration of the campaign.

CAS, CASE, and BD Engagements

The CAS, CASE, and opposing BD missions depicted in Figure 4
are flown after the SAM suppressors. All air-to-air engagements between
CAS, CASE, and the opponent's BD sorties are one-on-one encounters.
Excess attackers or defenders not engaged in one phase of the engagement
cycle proceed unmolested to the next phase. Scrties which are engaged
abort their original mission, fight the opposing aircraft, and, if not
killed, retumn to their own airbase. Each suc¢cessful CAS sortie delivers
ordnance on the opponent's ground troops and reduces their total firepower
(computed at the beginning of each stage as number of divisions times
firepower per division) by a user-specified amount. Thus ground troops,
like SAMs, can be thought of as being killed for the duration of the stage
in which they are attacked, but replaced at the beginning of the next
stage. CAS, CASE, or BD killed in air-to-air engagements or destroyed
by the opponent's airbase attackers are lost for the duration of the cam-
paign.

ABA, ABAE, and ABD Engagements

The ABA, ABAE, and opposing ABD missions depicted in Figure 5
are the last missions Mown in each engagement cycle. All air-to-air
engagements between ABA, ABAE, and the opponent's ABD sorties are
one-on-one encounters treated in the same way as those described for
CAS, CASE, and BD missions. Each successful ABA sortie delivers
ordnance on the opponent's airbase destroying those sheltered and un-
sheltered aircraft specified as being vulnerable to airbase attack.
Shelters are assigned to vulnerable aircraft types in proportion to their
relative numbers. Shelters are not destroyed; damaged shelters are
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assumed to be repaired by the beginning of the next cycle. ABA, ABAE,
or ABD killed in air-to-air engagements or destroyed by the opponent's
airbase attackers are lost for the duration of the campaign,

ATTRITION RELATIONSHIPS

During the course of the engagement cycles just described, all
aircraft casualties due to air-to-air and ground-to-air engagements are
computed in terms of sorties lost. Surviving sorties, which successfully
return to their airbase at the end of each cycle, are converted to aircraft
before they are subjected to airbase attack by dividing numbers of sur-
viving sorties by the sortie rates. The mathematical relationships
used to evaluate sortie losses as well as the attrition resulting from
air-to-ground engagements are described below.

Air-to-Air Engagements

In general, for each possible air-to-air engagement shown in the
blocks of Figures 4 and 5, sorties on one side assigned to a generic
attack mission, engage, in one-on-one encounters, sorties on the
opposing side assigned to a generic defense mission. Excess attack
sorties not engaged in one phase of the air-to-air war proceed to the
next phase; sorties that are engaged abort their assigned mission,
prosecute the air-to-air engagement and, if not killed, return immediately
thereaf)ter to their airbase. To describe how sortie attrition on both
sides 4s computed in such an engagement, let

= number of attack sorties in the current engagement flown
by aircraft of type i

number of defense sorties in the current engagement flown
by aircraft of type j

number of the Ai killed in the current engagement

number cof the Dj killed in the current engagement

probability an attack sortie of type i is killed by a defense
sortie of type j in a one-on-one encounter

probability a defense sortie of type j is killed by an
attack sortie of type i in a one-on-one encounter
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To compute A}f and D}F, the total numbers of attack and defense
sorties are first used to compute E, the number of one-on-one encounters,
as

E=min (X A,> D) (6)
I g
The allocation of this total to individual aircraft types is then ~¢mputed
proportionally as

E E Ai DJ (7)

1 T A
i 1

AT B

where Ei' represents the number of one-on-one encounters between attackers
of type i and defenders of type j.

Finally, expected numbers of killed attack and defense sorties
flown by aircraft of types i and j respectively are computed as

4 )
M “; Eyy Py

k
= E
and Dj zij 1 qji

Air-to-Ground Engagements

Of the three types of air-to-ground engagements considered in
ATACM, only the SAM suppression and airbase attack missions directly
produce losses among the opponent's forces. As described in the dis-
cussion of Figure 4, CAS sorties reduce the opponent's ground firepowet
by a simple subtractive rule which indirectly reflects ground losses. By
contrast, SAM and parked aircraft losses are computed using exponential
relationships relating the kill probabilities and numbers of attackers (SAM
suppressors or ABA) to the number of opponents (SAMs or parked aircraft).

SAM Losses

To derive the expression for SAM losses produced by generic (FSS
or RSS) SAM suppression sorties, let

A, = number of SAM suppression sorties in the current engagément
flown by aircraft of type i
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number of opposing SAMs
number of D killed in the current engagement

probability a SAM is killed by a SAM suppressor sortie of
type i

k
To compute D ', the numbers of SAM suppression sorties flown are
used as weights to compute an average probability of kill

2 A q

o= L . (10)

This probability, along with the numbers of suppression sorties and SAMs
is used to compute DK as

’

A

k i

) )

D" =D (1-exp(—& i

D
Losses Due to ABA

The attrition relationship for computing the effect of ABA sorties
on parked aircraft is analogous to Equation (11), the only difference being
the number of opponent types. Specifically, let -

Ai = number of ABA sorties in the current engagement flown by
aircraft of type i

Dj number of parked aircraft of type j vulnerable to airbase
attack. Vulnerable aircraft are assigned to shelters in
proportion to their relative numbers in the inventory; j=1

corresponds to sheltered aircraft, j=2 to unsheltered.

D;< number of Dj killed in the current engagement.

probability a vulnerable aircraft of type j is killed by a
sortie flown by an ABA aircraft of type i

qji

k
To determine Dy, first ]T-Ji . the number of attack sorties of each
type i assumed to attack vulnerable aircraft of type j, is computed pro-
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portionally as

Bl b=l j (12)

Using the Lj; as weights, an average probability of killing a parked air-
craft of type j is computed as

2 e

s

&

1

aj = ji (13)

Finally, D]j( is computed using the standard exponential expression

DX = D [1-exp(- &j A (14)
D,
j

Ground-to-Air Engagements

In ground-to-air engagements, SAMs attack opposing sorties in
one-on-one encounters analogous to one-sided air-to-air engagements.
1f the number of opposing sorties exceeds the number of SAMs, excessive
sorties are not attacked. If the number of SAMs exceeds the number of
sorties, excessive SAMs are not launched. To describe the attrition
produced by a generic SAM (forward or rear) attack, let

A = number of SAMs in the current engagement

D. = number of target sorties in the current engagement flown by
) aircraft of type j

D;( = number of Dj killed in the current engagement

q, = probability a target sortie flown by an aircraft of type j is

J

killed by a SAM in a one-on-one encounter

k
To compute D, the total number of SAMs and opposing aircraft
sorties are used to compute E, the number of one-on-one encounters, as

E = min A, ) D)) (15)
j

20

(DA e vy e

T T
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(16)

where EJ- represents the number of one-on-one encounters between SAMs
and target sorties of type j.

Finally, the expected number of killed sorties flown by aircraft of
type j is computed as

(17)
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OPTIMIZATION METHODOLOGY

The methodology used to select optimal strategies for both sides
at each stage of the campaign reflects the recommendations of the survey
presented in Reference 1. The basic approach is to select enforceable
strategies which individually optimize each side's minimal performance
over the length of the campaign. Following paragraphs explain this
optimization criterion in detail and describe the dynamic programming
methodology used to implement it.

MAXMIN/MINMAX STRATEGIES AND PAYOFFS

In the standard game matrix such as that shown in Figure 1 the
possible objective functions used to compute payoffs to Blue are defined
such that positive payoffs indicate Blue success. Blue's objective is to
choose that strategy which will produce the largest payoff, while Red's
objective is to choose that strategy which will produce the smallest payoff.
The approach used in ATACM is to assume both Blue and Red act con-
servatively in choosing their strategies. To illustrate, for a simple case,
Figure 6 presents a game matrix for starting force levels in a hypcthetical
one-stage campaign in which Blue has five possible strategies, Red has
four.

One-Stage Game

Since Blue and Red are assumed to be conservative, each chooses
that strategy which will produce the most favorable outcome under the
worst of circumstances -- i.e. prior knowledge of his selection by his
opponent. In the case of Blue, selection of §) guarantees a payoff no
less than 1 regardless of which strategy Red chooses. Selection of Sg
guarantees a payoff no less than 0, S3 no less than -1, etc. These
n inimal payoffs (or row minimums) are shown in Figure 6 for each possible
Blue selection. Assuming Red has superior intelligence, Blue would
choose that strategy, S, which maximizes over the set of minimal pay-
offs. Thus Sj is called Blue's MAXMIN strategy, and 1, the minimal payoff
associated with S, is called the MAXMIN payoff or objective function
value. The Red strategy §2 which would have to be play against S, to
vield the MAXMIN payoff is called Red's MAXMIN strategy.




Row Min

FIGURE 6
ONE-STAGE GAME MATRIX
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Iin the case of Red's selection, choice of §1 could result in a
payoff as large as b if Blue were to play Sy, selection of Sy could result
in a payoff as large as 5, S3 a payoff as large 4, and S4 a payoff as
large as 3. Assuming Blue has superior intelligence, conservative Red -
would choose that strategy, S4, which minimizes over the set of column
maximums shown in [igure 6. Strategy S4 is called Red's MINMAX
strategy, Sy is called Blue's MINMAX strategy, and 3, the payoff asso-
ciated with playing 54 against Sy is called the MINMAX payoff.

If Blue were to play its MAXMIN strategy and Red its MINMAX
strategy, the payoff which would result is 2. This MAXMIN vs. MINMAX
payoff will always be greater than or equal to the MAXMIN payoff (in |
this case 1) and less than or equal to the MINMAX payoff (in this case
3). l

From this example, it should be clear how the optimization ‘
criterion used in ATACM would be applied for a one-stage campaign.
Given the starting force levels, strategies, and objective function speci-
fication, payoffs in the corresponding game matrix would be computed
using the assessment methodology described in the previous section.
Blue's MAXMIN strategy and payoff would be computed by maximizing
over row minimums while Red's MINMAX strategy and payoff would be
computed by minimizing over column maximums. Output would consist
of the Blue MAXMIN strategy, the Red MINMAX strategy, the lower and
upper MAXMIN/MINMAX objective function bounds , and the actual
MAXMIN vs. MINMAX payoff which would result if both sides played their
conservative strategies,

Multi-Stage Game

To understand how the MAXMIN/MINMAX strategy selection pro- }
cedures for a one-stage game extend i a multi-stage game, it is helpful
to present an altermnative representation of a staged game called an
extended game as shown in Figure 7. In an extended game representa- >

tion of a T-stage air campaign, Blue extended strategies are T-tuples
whose tth element is a strategy selected from the set of one-stage
strategies Sy, Sy, ..., Sm available to Blue at the tth stage of the

campaign. In other words ,tthe first element in an extended strategy
for Blue is the strategy Blue would use for stage 1, the 2nd element is
Blue's strategy for stage 2, ..., and the Tth element is Blue's strategy
for the last stage of the campaign. The number of possible extended

24
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FIGURE 7

EXTENDED GAME REPRESENTATION
OF A T--STAGE GAME
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strategies, M, from which Blue may choose is equal to

M =m,"m, m

i~ My i

S ol o (18)
where my equals the number of possible Blue strategies available for
stage t. Extended strategies for Red are analogous.

Payoffs in an extended game are total payoffs over the length of
the campaign which result from playing a Blue extended strategy against
a Red extended strategy. Looking back at Figure 1, a total payoff in the
extended game depends upon the one-stage payoffs and the attrition
represented by the dashed line. Each different combination of Blue-Red
extended strategies corresponds to a unique attrition path from the state |
space at the beginning of stage 1 to the state space at the end of stage
T. i

Theoretically, selection of MAXMIN/MINMAX strategies in a
multi-stage campaign, represented in the context of the extended game,
is exactly the same as that described for a one-stage game. Indeed, for ‘
a one-stage campaign the extended game representation reduces to a
one-stage game. Unfortunately, for air campaigns with reasonable num-
bers of strategies and stages the extended game representation is valuable
only as an abstraction because of its prohibitive size. For example, if
Blue and Red each had only 20 possible strategies to choose from at each
stage of a three stage campaign, the corresponding extended game would
be an 8000 by 8000 matrix requiring 64 million three-stage payoff evalua-
tions. Assuming 10-3 seconds of computer time was required for each
one-stage assessment, evaluation of the payoffs alone would require
over 50 hours. Needless to say, a method other than the straightforward
solution of the extended game is required to determine MAXMIN/MINMAX
strategies for the general multi-stage campaign.

DYNAMIC PROGRAMMING SOLUTION

The reason the extended game representation of modest sized
air campaigns becomes untractable is that it treats the problem of
strategy selection for all stages as a single step process. An alternative
approach, using dynamic programming, is to decompose the problem into
a series of one-stage problems, similar in many respects to the way the
problem was originally posed in Figure 1. To illustrate the dynamic pro-
gramming approach, its necessary to define more precisely many ot the

26
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concepts first presented there. TFor purposes of illustration, we will
assume Blue and Red each have one aircraft type -- more types simply
increase the dimensionality of the state space. For this case, shown

in Figure 8, let

1

a point, (B,, R), in the state space at the beginning
of stage t corresponding to B; and R aircraft available
to Blue and Red respectively

Blue's one-stage MAXMIN strategy selection corres-
ponding to Xt

Red's one-stage MINMAX strategy selection corres-
ponding to Xt

the total MAXMIN payoff associated with optimal
play by Blue from state X; at the beginning of stage t
to the end of the campaign

the total MINMAX payoff associated with optimal play
by Red from state X; at the beginning of stage t to the
end of the campaign

payoff in the one-stage game matrix corresponding to
selection of the ith and jth strategies when in state X;

state X;4 into which selection of the ith ang jth

strategies by Blue and Red maps the state X,

Using these definitions, TP (X;) and TP (Xl) are the desired
MAXMIN and MINMAX payoffs associated with the extended strategies

ES
ES

(X)) = (5 (X)), 8 Kp), 8 (Xg)y -, & (X)) (19)
K;) =6 (K1), 5 &), S Kg)s +.., S X)) (20)

where X; represents the starting numbers of aircraft at stage 1 and the X,
and X; are defined recursively by

Xy

X3

*

3 ) Zeg &1

k& ( 2)

Zey %poy)
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= index of Blue's MAXMIN strategy for the current stage
= index of Red's MAXMIN strategy for the current stage
index of Blue's MINMAX strategy for the current stage
index of Red's MINMAX strategy for the current stage

The dynamic programming approach for solving for TP (X;), ES (X;),
TP (X1), and ES (X)) separates the solution for the MAXMIN total payoff
and extended strategy from the MINMAX counterparts. Although all des-
criptions which follow concentrate on the MAXMIN solution, the MINMAX
solution technique is exactly analogous. i

Idealized Approach

To compute TP (Xl) and ES (Xl) using a general dynamic programming
procedure, one begins at the beginning of the last stage of the campaign
and computes one-stage MAXMIN payoffs and strategies, TP (X ) and
S (Xp), for all possible states Xp. The i, J* payoff, Pyj, in the MAXMIN
game matrix for each state X is given by

== + = \
Pij Pij <XT) P (XT+1 Zij (XT)) @2,
where Pjj (Xp) is the one-stage payoff and TP X741 = Zy; (XT)) is the
contribution of undamaged aircraft at the end of the war, ‘B4 and Ryyq s
to the value of the overall objective function (Equation 2).

After TP (XT) and S (X7) have been computed for all states Xr, these
values are stored and the process moves backward to the beginning of
stage T-1. Using the TP (XT) just computed, the elements in the payoff
matrix for each stage Xp,] are now given by

= Py Ky )+ TP Xy = 2 X)) (23)

T=1

where Py &(XT 1) is the payoff contribution of the current stage and

TP Xp= (Xr-1)) is the MAXMIN payoff associated with optimal play
+hereafter Once again, a Blue MAXMIN strategy is computed for each
game matrix along with the cumulative MAXMIN payoff TP (Xp_;) and each
is stored for all possible states Xt_j, Processing moves backward to
the preceding stage in time, game matrices are generated for all states,
etc.

Eventually, through this iterative process, strategies and payoffs
can be generated for all stages and states from stage T back to the begin-
ning of stage 1. Since X;, the hypothesized starting resource level, is
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a point in the state space at the beginning of stage 1, the solution is

complete. TP (X;) is available immediately, while the one-stage strategies

which compose ES (X7) can be retrieved from storage by tracing through -
the states using the attrition map Zij . Perhaps even more important, as

a by-product of the dynamic programming approach, solutions for all other

Xt are also available since they have been stored during the processing

required to solve for X;. By simply retrieving the stored results, solutions

for all shorter campaigns less than T stages which begin with any number

of aircraft on either side can be easily generated.

Problems |

Precise implementation of the general dynamic programming algorithm
as described above requires evaluation of one-stage game for every possible
state of every possible stage. The number of such states in a reasonable
sized game is huge, even for the case in which each side has only one air-
craft type. For example, each side might reasonably start with 1000 air-
craft, making the number of possible (By, Rt) pairs more than one million. |

Intuitively, one would suspect states which differ by only a few
aircraft would produce approximately the same solution. ATACM exploits l
this intuitive feel by imposing a descrete grid upon the state space at
each stage in a manner analogous to that used in DYGAM (Reference 4).
If a grid such as that shown in Figure 9 were imposed, a tractable approach l
would be to explicitly compute one-stage strategies and payoffs for only
the discrete grid points using the dynamic programming procedure described !
above. Unfortunately, as shown in Figure 9, the Zyy (Xt) for a grid point
Xt would generally not lie on a grid point in the subsequent stage's state
space. Since TP (Zij (X¢)) is necessary to compute the elements in the
one-stage game matrix (Equation (22)), an approximation technique is |
required for computing payoffs associated with points not on the grid,

Possible Approximations

One possible approximation technique for computing TP (X;4] =
Zij (X4)) would be to linearly interpolate using the explicit payoffs for grid
points adjacent to X¢+]. It can be shown that as the grid becomes finer
the strategies which would result from using linear interpolation would
approach those produced by the idealized dynamic programming solution.
Similarly, the payoffs produced would approach the idealized lower bound
TP (X1), but not necessarily from below. In other words, although the

30
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approximate extended strategy s (Xl) produced by interpolation would -

intuitively be a good estimate of ES (X1), the associated TP (X1) might
be greater than TP (X1) and thus an invalid lower bound on the MAXMIN
vs. MINMAX total payoff.

A second possible approximation technique, which is guaranteed

to produce a valid lower bound on TP (Xl) , is to round the number cf Blue
aircraft down to an adjacent Blue grid level and the number of Red air-
craft up to an adjacent Red grid level at each stage. As shown in Figure 9,
such a £ounding schemﬁe would be equivalent to replacing TP (Zy (Xt))

! by TP (Zij (Xt)) where Zjj is an approximate mapping which incorporates
the Blue-down, Red-up rounding criteria. Because Blue's forces are

{ rounded down and Red's forces are rounded up at every stage, the total
MAXMIN payoff produced by such an approximation would be less than or
equal to TP X1). Thus, the quality of the approximation zij would affect
only the tightness, not the validity, of the MAXMIN bound produced. As i

! the grid imposed upon the state spaceﬂbecame finer, Zij would approach

l Zij and the computed MAXMIN payoff TP (X1) would approach TP (X7) from
below as desired.

ATACM Approach

The approach used in ATACM to generate an approximate MAXMIN
extended strategy and total payoff incorporates both of the approximation
techniques described above. Two separate dynamic programming passes
are required to generate the MAXMIN compornents of the solution, and two
analogous passes are required for the MINMAX components.

Looking only at the MAXMIN calculations in detail, the first pass
uses linear interpolation‘exactly as described aﬂbove to generate an approxi- o
mate extended strategy ES X1). The payoffs, TP X¢) » generated at each
stage and siate are used only to compute ES (Xl) and are discarded after
the one-stage strategies are stored.

The second pass, designed to produce a lower bound on the MAXMIN
total payoff TP (X1), uses the S (Xt) stored duriny the first pass as fixed P
Blue strategies against which Red performs a "AINMAX pass using the '
rounding scheme described above. As shown in Figure 10, in this second
pass the game matrix for each stage and state has only one Blue strategy.
Column maximums in these one-stage games are the single one-stage
payoffs corresponding to each Blue strategy, and the MINMAX pass reduces
to the calculation of the minimum payoff Red can achieve against ES (Xl) ;
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¢ To see that this second MINMANX pass produces a lower bound on TP (X7),
; consider two cases.

e If ES (Xl) is the same as ES (Xy), and no Blue-down/
Red-up rounding is required, the best Red can do in the MINMAX pass is
to generate Red's MAXMIN extended strategy, which, by definition, pro-
duces a total payoff exactly equal to TP (Xy). If rounding is required,
the total payoff would clearly be less than or equal to TP (Xj).

e IfFS (X1) is not equal to ES (X}), and rounding is not '
required, the minimum total payoff Red can achieve in the MINMAX pass {
I is the row minimum corresponding to ES (X1) in the extended game of
Figure 10. Since TP (Xj) is defined as the maximum over all row minimums,
TP (X1) must be bounded from below by the MINMAX payoff. As before, {
if rounding is required the value of the MINMAX payoff can only be reduced.

Finally, after two analogous dynamic programming passes for com-
puting estimates of Red’s MINMAX extended strategy ES (X1) and the upper
objective function bound TP (X;), the solution is virtually complete. All
that remains is the estimation of the MAXMIN vs. MINMAX payoff for starting
state X1 which is accomplished by actually playing the one-stage strategies
stored for Blue and Red at each grid point. If during this calculation a Zjj (X¢)
does not fall on one of the specified grid points the one-stage strategies
stored for the nearest point are used. As in the case of computing the
MAXMIN and MINMAX bounds, the quality of this approximation depends
upon the coarseness of the grid imposed.

34

P .. R—




PAB-249
REFERENCES
R. J. Galiano and F. A. Miercort, "Results of a Survey of Tactical
Air Campaign Models, " Contract No. ACDA/PAB-249, KETRON, Inc.,

November 1974,

Jerome Bracken, "Two Optimal Sortie Allocation Models, " Paper P-992 k
Institute for Defense Analyses, December 1973.

S. Bonder, "VECTOR-O, The Battle Model Prototype," WSEG Report
222, Weapons System Evaluation Group, December 1973,

Control Analysis Corporation, "Development of an Algorithm to Solve
Multi-Stage Games," 24 May 1973,

i Ty = =T T,




PAB-249

APPENDIX A

ATACM USER'S GUIDC

This appendix is a guide to the use of ATACM. Following sections
describe the inputs, the operation, and the ouiputs of the model.
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GENERAL OVERVIEW

The computer model ATACM was developed by the Arms Control
and Disarmament Agency as a tool for studying the impact of various force
postures upon the outcome of a tactical airwar in Europe between NATO
and ‘Warsaw Pact forces. ATACM treats an air campaign as a zero-sum
staged gamed between opposing forces, Blue and Red, each consisting of
air and ground forces. Most of the emphasis in the current version of
ATACM is upon air force interactions although a simplistic representation
of the ground war is also included. The model uses dynamic programming
to generate for each stage and state of the campaign optimal aircraft
allocation strategies and associated MAXMIN/MINMAX bounds on a user-
specified objective function.

As currently implemented, ATACM consists of two FORTRAN programs,
ATACM1 and ATACM2, designed for use on a CDC 6600 computer. ATACM]1
generates optimal strategies and associated objective function bounds for
each stage and state and uses these values to evaluate the outcomes of
trial wars of specified length which are initiated with user-specified num-
bers of Blue and Red aircraft. In addition to the outcomes of the trial
wars, ATACM1 can output to magnetic tape one-stage battle assessments
(BATTLE-TAPE) for use in subsequent runs of ATACM1, and optimal strategies
and bounds (TRIAL-TAPE) for use in subsequent trial war evaluations using
ATACM2. To evaluate additional trial wars, ATACM2 reads the TRIAL-TAPE
and uses the information it contains to process trial war requests and pro-
duce outputs identical to those which would have been produced if the
requests had been evaluated during the execution of ATACM1. Thus, for a
given set of scenario and attrition parameters, only a single execution of
ATACMI1 is necessary regardless of when or how many trial war evaluations
are eventually required.

Figure A-1 presents a schematic representation of how ATACM1,
ATACM2, the BATTLE-TAPE, and the TRIAL-TAPE interrelate.

ol TSIy o I TS
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Scenario and Attrition Trial War
Parameter Cards Cards

TRIAL-TAPE

——— Optional
Trial War

Cutcomes Required

BATTLE-TAPE

AN OVERVIEW OF ATACM'S OPERATION
FIGURE A-1
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ATACMI1

Required inputs to ATACM1 include parameters describing the
campaign scenario and the attrition relationships for air-to-air and
air-to-ground engagements. Optional outputs include a listing of the
inputs, the aircraft allocation strategies available to Blue and Red, the
states corresponding to discrete numbers of Blue and Red aircraft, the
outcomes of any trial wars requested, a BATTLE-TAPE used to store one-
stage battle outcomes for subsequent use in perturbation runs of ATACM1 A
and a TRIAL-TAPE for use in evaluating additional trial wars using ATACM2.
To complement the discussions of inputs and outputs which follow, Figure
A-2 provides a logical flowchart depicting the major functions performed by
ATACM1, '

INPUTS

ATACM]1 affords the user considerable ease and flexibility in
sturcturing a run to satisfy his analysis needs. Control parameters are
input on cards with identifying alphabetic keys in columns 1 thru 5 which
facilitate identification of inputs by the user and eliminate rigid sequence
requirements for cards within the data deck. Table A-1 presents an alpha-
betical list of the keys used on the inputs cards recognized by ATACM]1,
Depending upon the complexity of the scenario being simulated, the number
of card types required for a particular run can be as few as the six indicated
by asterisks in the table. Following paragraphs describe in detail the
control parameters contained on each of the card types, their formats , and
default values where applicable.
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requested
7

Use TRIALS to read TRE\L cards
and generate war outcomes

FIGURE A-2
LOGICAL FLOWCHART OF ATACM1
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TABLE A-1
INPUT CARDS RECOGNIZED BY ATACM1

Input Parameters It Contains

Fraction of planes vulnerable to ABA

Firepower per CAS sortie

Division firepower reduction per CAS sortie

Firepower per division

Flag to signal the end of scenario and attrition inputs
FEBA movement function

Flag to signal the end of the TRIAL cards

Grid levels for the number of available planes

Missions assigned and associated sortie rates
Number of ground divisions

Number of SAMs

Number of air base shelters

Overall objective function weights

Probabilities of killing an air base attacker
Probabilities of killing an air base defender
Probabilities of killing an air base attacker escort
Probabilities of killing a battlefield attacker

Probabilities of killing a battlefield defender




Card Key

PKBE
PKFA
PKFS
PKNS
PKRA
PKRS
PKSH
REIN

*
RUN

*

STAGE

* %
STRT
TRIAL
VALU

WGHT

PAB-Z 49
TABLE A-1 (Cont'd)

Input Parameters It Contains

Probabilities of killing a battlefield attacker escort
Probabilities of killing a forward SAM attacker
Probabilities of killing a forward SAM

Probabilities of killing a non-sheltered plane
Probabilities of killing a rear SAM attacker
Probabilities of killing a rear SAM

Probabilities of killing a sheltered plane

Plane reinforcements by stage

Run options and title

Number of stages and engagement cycles per stage
Strategy specifications by stage

Initial number of planes and length of a TRIAL war
Value of an undamaged plane at end of war

Objective function weights by stage

%
At least one card required for every run.
**At least one card required for each side for every run.
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ABAF Card

One ABAF card for each aircraft type is used to specify the fraction
of the aircraft assigned to each mission which is vulnerable to airbase
attack. By specifying different fractions, aircraft flying selected missions
can be made invulnerable or partially vulnerable to the opponent's airbase
attack. Generally larger fractions are more applicable for aircraft prose-
cuting missions close to friendly airbases (e.g., ABD, BD, CAS, and
forward SAM suppression) than for aircraft flying missions deep in the
opponent's territory (e.g., ABA and rear SAM suppression). Aircraft whose
fractions are set equal to zero might include planes housed in impenetrable
shelters or long-range bombers flying from a sanctuary base.

The ABAF card is read under
FORMAT (A4, Al, I1, 4X, 8F5.0)
and its fields are assigned as follows:
A4 - (1-4) - "ABAF"

Al - (5) - "B" or "R" to indicate the vulnerability fractions
are for either a Blue or Red aircraft type

I1 - (6) the number of the aircraft type for which the
fractions are applicable

8F5.0 - (11-50) the fraction of the aircraft flying a particular
mission which is vulnerable to airbase attack.
The fraction specified in columns 11-15 corres-
ponds to the lst mission assigned on the
associated MISS card, columns 16-20 to the
2nd, etc. Default value is 1.

CASF Card

One CASF card for each side is used to specify the firepower delivered
per CAS sortie flown. The units used to specify firepower on the CAS card
must be consistent with those used on both the DFRC and the DIVF cards.

The CASF card is read under

FORMAT (A4, Al, 5X, 4F5.4)

and its fields are defined as follows:

Ad - (1-4) - "CASF"
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Al - (5) - "B" or "R" to indicate the firepower rates are
for either the Blue or Red side

4F5.4 - (11-30) - the firepower delivered per CAS sortie by aircraft
of types 1 thru 4 respectively. Default value is 0.

DFRC Card

One DFRC card for each side is used to specify the ground division
firepower reduction produced by each CAS sortie flown, The units used

to specify firepower reduction on the DFRC card must be consistent with

those used on both the CASF and the DIVF cards. The DFRC card is read
under

FORMAT (A4, Al, 5X, 4F5.4)
and its fields are defined as follows:
A4 - (1-4) = UBBERE™

Al - (5) - = "B" or "R" to indicate the ground division fire-
power reductions are produced by either a Blue
or Red CAS sortie.

4F5.4 - (11-30) - the ground division firepower reduction resulting
from a CAS sortie flown by aircraft of types
1 thru 4 respectively. Default value is 0.

DIVF Card

One DIVF card for each side is used to specify the firepower per
ground division. The units used to specify firepower on the DIFV card must
be consistent with those used on both the CASF and the DFRC card. The
DIVF card is read under

FORMAT (A4, Al, SX, F5.0)

and its fields are assigned as follows:

Ad - (1-4) - "DIVF"
Al - (5) - "B" or "R" to indicate the firepower is specified
' for each Blue or Red ground divisions
F5.0 - (11-158) - the firepower per ground division. Default value
is 0.
A-9
>
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END Card

The END card signals the end of the scenario and attrition para-
meter cards required by ATACM1 and the beginning of the optional TRIAL
cards. The END card is read under

FORMAT (A3)
and its only field contains
A3 - (1-3) - "END"

FEBAM Card

As many as four FEBAM cards may be used to specify the rate of
FEBA movement per cycle as a function of the ratio of Blue ground fire-
power to Red ground firepower, Any functional relationship desired can
be input by specifying up to 28 points that lie on the graph of the desired
function. The model linearly interpolates between these points to yield
a piecewise linear approximation. The quality of the approximation de-
pends upon the shape of the desired graph and the number and location

of points chosen. The coordinates of the points are read from the
FEBAM card under .

FORMAT (A5, I1, 4X, 7(2F5.0))
and the fields are assigned as follows:
A5 - (1-5) - "FEBAM"

11 - (6) - card sequence number. Seven points (smallest
firepower ratio to largest) are input on each card
to a maximum of four cards or 28 points. The
first card has sequence number 1, the second
card (if required) has sequence number 2, etc.

7(2F5.0)-(11-80) - x and y coordinates of the ith point on the graph

X = ratio of Blue ground firepower to
Red ground firepower (always positive)

y = FEBA movement per engagement cycle
(positive movement corresponds to
Blue advance)

Default value for (x,y) is (0,0).
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FINIS Card

- The FINIS card signals the end of the TRIAL cards and consequently
; ‘ the end of the input data. The FINIS card is read under A

{ FORMAT (AS) | 3

3 and its only field contains

AS - (1-5) - "FINIS"

GRID Card

{ One GRID card for each aircraft type is required to indicate the
discrete numbers of aircraft for which optimal plays and associated bounds
1 are explicitly computed. The GRID card is read under

FORMAT (A4, Al, I1, 4X, 11I5)
and its fields are assigned as follows:
1' A4 - (1-4) - "GRID"

4 Al - (5) - "B" or "R" to indicate the grid levels are for either
a Blue or Red aircraft type

I1 - (6)

the number of aircraft type for which the grid levels ‘ ‘
are applicable. Aircraft types are numbered in - 3
ascending order from 1 to 4.

1115 - (11-65)

the discrete numbers of aircraft of the specified

3 type for which optimal plays and bounds are ex-

E | plicitly generated. The first grid level must be 0

£ | followed by remaining grid levels listed in ascend-
ing order. The maximum number of grid levels for
an aircraft type is 11. The largest grid level
should be the upper bound on the initial number of
planes of this type plus the total number of rein-
forcements which can be added during a trial war.

MISS Card

One MISS card is required for each aircraft type to specify its
minimum allocation fraction, the missions it can prosecute, and the asso-

N ; A-11
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ciated sortie rates. Each MISS card is read under

FORMAT (A4, Al, 11, 4X, 12, 1X, 8(2X,I1), 3X, 8F5.2)

and the fields are assigned as follows:

At - (1-4)
Al - (5)

11 - (6)
12 <(11-12)

8(2X,11)-(14-37)

8F5.2-(41-80)

"MISS"

"B" or "R" to indicate the mission information is
for either a Blue or Red aircraft type

the number of the aircraft type

the denominator of the minimum allocation frac-
tion for this aircraft type. The minimum alloca-
tion fraction is the smallest fraction of the total
number of planes which can be assigned to any

mission. All fractional assignments are integer
multiples of the minimum allocation fraction.

numerical codes (see Table A-2) corresponding
to the missions to which planes of the specified
type may be assigned. A maximum of eight
missions may be specified for an aircraft type.

sortie rates per engagement cycle associated
with the missions specified in the preceding
columns. The sortie rates must be specified in
the same relative order as the mission codes.
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TABLE A-2
AIR MISSION CODES

Mission

Close air support (CAS)
Airbase attack (ABA)
Battlefield defense (BD)
Airbase defense (ABD)

Close air support escort (CASE)
Airbase attack escort (ABAE)
Forward SAM suppression (FSS)
Rear SAM suppression (RSS)

2
3
4
5
6
7
8
9

No assigned mission

NDIV Card

One NDIV card for each side is used to specify the number of ground
divisions available. The NDIV card is read under

FORMAT (a4, Al, 5X, I5)
and its fields are defined as follows:
A-4 - (1-4) - "NDIV"

Al - (5) - "B" or "R" to indicate the number of divisions
correspond to either the Blue or Red side

IS - (11-15) - the number of ground divisions. Default value is 0.

NSAM Card

One NSAM card for each side is used to specify the number of for-
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ward and rear SAMs available. The NSAM card is read under
, FORMAT (A4, Al, 5X, 2I5)
and its fields are defined as follows:
A4 - (1-4) - "NSAM"

Al - (5) - "B" or "R" to indicate the number of SAMs correspond
to either the Blue or Red side

I5 - (11-15) - the number of forward SAMs. Default value is 0.
j i5 - (16-20) - the number of rear SAMs. Default value is 0.

1 NSHL Card_

One NSHL card for each side is used to specify the number of air-
craft shelters available. The NSHL card is read under
FORMAT (a4, Al, 5X, 1I5)
and its fields are assigned as follows:

A4 - (1-4) - "NSHL"

e e

Al - (5) - "B" or "R" to indicate the number of shelters corres-
pond to either the Blue or Red side

I5 - (11-15) - the number of aircraft shelters. Default value is 0.

TR e S W e

OWGHT Card

The basic form of the overall function used to generate optimal con-
servative strategies is given by

F = wyf; + wpfy + wai3 (A-1)

e T eSS SR

where fl = difference of total Blue minus total Red CAS firepower
fz = difference of total Blue minus total Red (CAS fire-
power + ground firepower)
and f3 = total FEBA movement (positive movement corresponds to

Blue advance).

One OWGHT card is used to specify the values of the weights, w;, wy, and
w3 to be used in computing F. The OWGHT card is read under

FORMAT (A5, 5X, 3FS.0)

|
|

] J A-14
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_‘K ‘ and its fields are defined as follows:

' A5 - (1-5) - "OWGHT"
F5.0 - (11-15) - the value of Wy . Default value is 1,
F5.0 - (16-20) - the value of Wo . Default value is 0.
F5.0 - (21-25) - the value of wg. Deifault value is 0.

PKAA Card

For each aircraft type assigned an airbase attack (ABA) mission, one
' PKAA card is required to specify the probabilities that such an aircraft is
1 killed by an opposing airbase defender or SAM in a one-on-one engagement.

The PKAA card is read under

FORMAT (A4, Al, I1, 4X, 4F5.3, 5X, 2F5.3)
and its fields are defined as follows:
{ A4 - (1-4) - "PKAA"

Al - (5) "B" or "R" to indicate the ABA aircraft belongs to
either the Blue or Red forces

the number of the ABA aircraft type

the probability the ABA aircraft is killed by opposing
ABD's of types 1 thru 4 respectively. Default
value is 0.

the probability the ABA aircraft is killed by an
opposing forward SAM. Default value is 0.

the probability the ABA aircraft is killed by an
opposing rear SAM. Default value is 0.

I1 - (6)
4F5.3-(11-30)

F5.3-(36-40)

P5.3 - (41-45)

PKAD Card

For each aircraft type assigned an airbase defense (ABD) mission,
one PKAD card is required to specify the probabilities that such an aircraft
is killed by an opposing airbase attacker or airbase attack escort in a
one-on-one engagement. The PKAD card is read under

FORMAT (A4, Al,Il, 4X, 4F5.3, 5X, 4F5.3)

A-15
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and its fields are assigned as follows:

A4 - (1-4)
Al - (5)

I1 - (6)
4F5.3- (11-30)

4F5.3- (36-55)

PKAE Card

llPKADlI

"B" or "R" to indicate the ABD aircraft belongs
to either the Blue or Red forces

the number of the ABD aircraft type

the probability the ABD aircraft is killed by
opposing ABA's of types 1 thru 4 respectively.
Default value is 0.

the probability the ABD aircraft is killed by
opposing ABA escorts of types 1 thru 4 respec-
tively. Default value is 0.

For each aircraft type assigned an airbase attack escort (ABAE)
mission, one PKAE card is required to specify the probabilities that such
an aircraft is killed by an opposing airbase defender or SAM in a one-on-
one engagement. The PKAE card is read under

FORMAT (A4, Al, 11, 4X, 4F5.3, 5X, 2F5.3)

and its fields are defined as follows:

A4 - (1-4)
Al - (5)

I1 - (6)
4F5.3- (11-30)

F5.3 - (36-40)

F5.3 - (41-45)

PKBA Card

" PKAE "

"B" or "R" to indicate the ABAE aircraft belongs
to either the Blue or Red forces

the number of the ABAE aircraft type

the probability the ABAE aircraft is killed by
opposing ABD's of types 1 thru 4 respectively.
Default value is 0.

the probability the ABAE aircraft is killed by an
opposing forward SAM. Default value is 0.

the probability the ABAE aircraft is killed by an
opposing rear SAM. Default value is 0.

For each aircraft type assigned a battlefield attack (CAS) mission,
one PKBA card is required to specify the probabilities that such an aircraft

A-16
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is killed by an opposing battlefield defender or forward SAM in a one-on-
one engagement. The PKBA card is read under

FORMAT (A4, Al, I1, 4X, 4F5.3, 5X, F5.3)

and its fields are defined as follows:

A4 - (1-4) R
Al - (5) =

Il - (6)
4F5.3- (11-30)

F5.3- (36-40)

PKBD Card

IIPKBA"

"B" or "R" to indicate the CAS aircraft belongs
to either the Blue or Red forces

the number of the CAS aircraft type

the probability the CAS aircraft is killed by
opposing BD's of types 1 thru 4 respectively.
Default value is 0,

the probability the CAS aircraft is killed by an
opposing forward SAM. Default value is 0.

For each aircraft type assigned a battlefield defense (BD) mission,
one PKBD card is required to specify the probabilities that such an air-
craft is killed by an opposing battlefield attacker (CAS) or battlefield attack
escort (CASE) in a one-on-one engagement. The PKBD card is read under

FORMAT (A4, Al, 11, 4X, 4F5.3, 5X, 4F5.3)
and its fields are defined as follows:

A4 - (1-4) =
Al - (5)

I1 - (6)
4F5,3- (11-30)

4F5.3- (36-55) -

n PKBD "

"B" or "R" to indicate the BD aircraft belbr;gs to
either the Blue or Red forces

the number of thp BD ‘aircraft type

the probability the BD aircraft is killed by
opposing CAS's of types 1 thru 4 respectively.
Default value is 0.

the probability the BD aircraft is killed by
opposing CAS escorts of types 1 thru 4 respec-
tively. Default value is 0.
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PKBE Ceard

For each aircraft type assigned a battlefield attack escort (CASE)
mission, one PKBE card is required to specify the probabilities that such
an aircraft is killed by an opposing battlefield defender or forward SAM
in a one-on-one engagement. The PKBE card is read under

FORMAT (A4, Al, I1, 4X, 4F5.3, 5X, F5.3)
and its fields are defined as follows:
A4 - (1-4) - "PKBE"

Al - (5) - "B" or "R" to indicate the CASE aircraft belongs
to either the Blue or Red forces

11 - (6) the number of the CASE aircraft type

4F5.3- (11-30) the probability the CASE aircraft is killed by
opposing BD's of types 1 thru 4 respectively.
Default value is 0.

F5.3- (36-40) the probability the CASE aircraft is killed by an
opposing forward SAM. Default value is 0.

PKFA Card

For each aircraft type assigned a forward SAM suppression (FSS)
mission, one PKFA card is required to specify the probability that such an
aircraft is killed by an opposing forward SAM in a one-on-one engagement.
The PKFA card is read under

FORMAT (A4, Al, I1, 4X, F5.3)
and its fields are defined as follows:
Ad - (1-4) - "PKFA"

Al - (5) - "B" or "R" to indicate the FSS aircraft belongs to
either the Blue or Red forces

11 - (6) the number of the FSS aircraft type

F5.3- (11-15) the probability the FSS aircraft is killed by an
opposing forward SAM. Default value is 0,
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PKFS Card

One PKFS card for each side is used to specify the probabilities
that a forvrard SAM is killed by forward SAM suppressors. The PKFS card
is read under

FORMAT (A4, Al, 5X, 4F5.3)

and its fields are defined as follows:

A4 - (1-4) - "PKFS"
Al - (5) - "B" or "R" to indicate the SAM being attacked
belongs to either the Blue or Red forces
4P5.3 - (11-30) - the probability the SAM is killed by opposing
FSS's of types 1 thru 4 respectively. Default
value is 0.
PKNS Card

One PKNS card for each side is used to specify the probabilities
that a non-sheltered aircraft on the airbase is killed by airbase attackers.
These kill probabilities are only applicable to the fraction specified as
vulnerable to airbase attack on the ABAF card. The PKNS card is read under

FORMAT (A4, Al, 5X, 4F5.3)
and its fields are assigned as follows:

Ad - (1-4) - "PKNS"
Al - (5)

"B" or "R" to indicate the airbase being
attacked is either Blue or Red

4F5.3 - (11-30) the probability a non-sheltered, vulnerable
aircraft on the airbase is killed by opposing
ABA's of types 1 thru 4 respectively. Default

value is 0.
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PKRA Card

For each aircraft type assigned a rear SAM Suppression (RSS)
mission, one PKRA card is required to specify the probabilities that such
an aircraft is killed by an opposing SAM in a one-on-one engagement.
The PKRA card is read under

FORMAT (A4, Al, 11, 4X, 2F5.3)
and its fields are defined as follows:
A4 - {(1-4) "PKRA"

Al - (5) "B" or "R" to indicate the RSS aircraft belongs to
either the Blue or Red forces

11 - (6) the number of the RSS aircraft type

F5.3- (11-15) the probability the RSS aircraft is killed by an
opposing forward SAM. Default value is 0.

F5.3- (16~20) the probability the RSS aircraft is killed by an
opposing rear SAM. Default value is 0.

PKRS Card

One PKRS card for each side is used to specify the rrobabilities
that a rear SAM is killed by rear SAM suppressors. The PKRS card is
read under

FORMAT (A4, Al, 5X, 4F5.3)
and its fields are assigned as follows:
Ad - (1-4) - "PKRS"

Al - (5) - "B" or "R" to indicate the SAM being attacked
belongs to either the Blue or Red forces

4F5.3- (11-30) - the probability the SAM is killed by opposing RSS's
of types 1 thru 4 respectively. Default value is 0.

PKSH Card

One PKSH card for each side is used to specify the probabilities
that a sheltered aircraft on the airbase is killed by airbase attackers.
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PKSH card is read under
FORMAT (A4, Al, 5X, 4F5.3)
and its fields are assigned as follows:
A4 - (1-4) - "PKSH"

Al - (5) - "B" or "R" to indicate the airbase being attacked
is either Blue or Red

4F5.3- (11-30) - the probability a sheltered, vulnerable aircraft
on the airbase is killed by opposing ABA's of
types 1 thru 4 respectively. Default value is 0.

REIN Card

The REIN card is used to specify numerical and/or fractional air-
craft reinforcements as a function of stage. The REIN card is read under
FORMAT (A4, Al, 1X, 12, 4F5.0, 5X, 4F5.0)
and its fields are assigned as follows:
Ad - (1-4) - "REIN"

Al - (5) "B" or "R" to indicate the specified reinforcements
are for either the Blue or Red side

12 - (7-8) the number of the stage when the reinforcements
amrive. In every case reinforcement occurs at
the beginning of the stage before attrition is
computed.

4F5.0- (11-30) the number of aircraft of types 1 thru 4 respec-
tively added (or subtracted if entry is negative)
at the beginning of the specified stage. Default
value is 0.

4F5.0- (36-55) - the fractional increase (or decrease if entry is
negative) in the number of aircraft of types 1
thru 4 respectively at the beginning of the speci-
fied stage. If both a fractional and a numerical
change are specified for the same stage, the
fractional change is applied before the numerical
change. Default value for the fractional change
is 0.
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RUN Card

The RUN card, which must precede all other input cards, contains
parameters to control input, execution, and output options., The RUN
card is read under

FORMAT (A3, 7X, 811, 2X, 6Al0)
and its fields are assigned as follows:
A3 - (1-3)- "RUN"
I1 - (11)

print option
if 0 or blank input parameters are printed

if 1 output is suppressed

11 - (12) print option

if 0 or blank the sets of pure strategies available to
Blue and Red are printed

if 1 output is suppressed

I1 - (13) print option

if 0 or blank the set of discrete states corresponding
to the number of Blue and Red planes available is
printed

if 1 output is suppressed

I1 - (14) abort option
if 0 or blank execution proceeds to normal termination

if 1 execution is terminated immediately after run-
time estimates are printed

I1 - (15) BATTLE-TAPE option

if 0 or blank cne-stage battle outcomes for each state
and pure strategy combination are not available on

tape and must be computed. The computed battle
outcomes are not written and stored on the BATTLE-TAPE

if 1 one-stage battle outcomes for each state and pure
strategy combination are not available on tape and
must be computed. The computed battle outcomes are
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s written and stored on the BATTLE-TAPE

if 2 one-stage battle outcomes for each state and
' pure strategy combination are read from the BATTLE-
TAPE

11 - (16) debug option
if 0 or blank debug output is suppressed
/

if 1 one-stage battle outcomes for each state and
pure strategy combination are printed

debug option

i 11 - (17)
1 if 0 or blank debug output is suppressed }

if 1 MAXMIN/MINMAX plays and corresponding
bounds are printed for each stage and state i

‘ I1 - (18)
{ if 0 or blank debug output is suppressed

debug option

if 1 beta weights used for linear interpolation are
printed each time subroutine BETAS is called I

6A10-(21-80)

optional run title

STAGE Card

The STAGE card is used to specify the number of stages in the cam-
paign and the number of engagement cycles per stage. It is read under |

- FORMAT (A5, 5X, 12, 2X, I2)
and contains the following values: '
AS - (1-5) - "STAGE" '

I2 - (11-12) - the number of stages in the campaign for which
plays and associated bounds are generated (€99).
Trial wars of longer duration than the number of
stages specified can not be evaluated.

I2 - (15-16) - the number of engagement cycles per stage (€99).

A-23
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STRT Card

The STRT card is used to specify any, all, or none of the fractional
allocations of aircraft to missions as a function of stage. One STRT card
is required to specify each time the allocation fractions change for either
Blue or Red aircraft types. If no mission allocation fractions are specified
for a given stage, ATACMI optimizes strategy selection from the complete
set of possible pure strategies; if the mission allocation fractions are
specified for a subset of the missions, the model optimizes strategy selec-
tion from the associated subset of possible pure strategies; if allocation
fractions are specified for all missions, the set of possible pure strategies
consists of a single strategy and optimal selection reduces to the selec-
tion of this single specified strategy. Thus by using different combinations
of STRT cards, ATACMI1 can be used to evaluate the effects of Blue, Red,
or both sides using optimal, sub-optimal, or user-specified strategies
against its opponent.

The STRT card is read under
FORMAT (A4, Al, 1X, I2, 4 (2X, 812))

with the fields defined as follows:

A4 - (1-4) - "“STRT"

Al - (5) - “B" or "R" to indicate the specified allocations
are for either the Blue or Red side

12 - (7-8) - the upper bound on the range of stages over which
the allocations specified are in effect. The
lower bound is 1 plus the upper bound specified
on the preceding STRT card for the same side.
The lower bound for the first STRT card for either
side is assumed to be 1. The upper bound for
the last STRT card for either side must be greater
than or equal to the number of stages specified
on the STAGE card.

4(2X,812)-(9-80) - the fractional assignments of the ith aircraft
type (1<i<4) to its missions, specified as
integer multiples of the corresponding minimum
allocation fraction. Columns 9-26 correspond

to aircraft type 1, 27-44 to type 2,
45-62 to type 3, 63-80 to type 4. The
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integer multiples for the ith aircraft type must
be specified in the same order as the missions
are assigned on the MISS card. To indicate
that the allocation fraction for a mission is
unspecified, the corresponding 2 character
field must be punched with a right-justified
asterisk (" *").

One TRIAL card is required for each trial war evaluation desired. If
input to ATACM1, the first TRIAL card must follow the END card and the
last must be followed by a FINIS card. Each TRIAL card is read under

PORMAT (AS, 5X, 12, 2X, 3I1, 3X, 4F5.0, 5X, 4F5.0)

and its fields are assigned as follows:

A5 - (1-5)
1z - (11-12)
11 - (195)
I1 - (16)
I1 - (17)

4F5.0-(21-40)

IITRIALII
the number of stages in the trial war
print option

if 0 or blank the number of planes available and
the objective function value are printed for
every stage

if 1 output is suppressed
print option

if 0 or blank the optimal aircraft allocation
strategies for Blue and Red are printed for every
stage

if 1 output is suppressed
print option

if 0 or blank the values of each of the three
objective functions (f], fz, and f3 as described
under the OWGHT card) are printed for every
stage

if 1 output is suppressed

the number of Blue aircraft of types 1 thru 4
respectively available at the beginning of the
trial war
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4F5.0-(46-65) - the number of Red aircraft of types 1 thru 4
respectively available at the beginning of
the trial war

VALU Card

One VALU card for each side is used to specify the residual value
of an undamaged plane at the end of the war. The units used to specify
this residual value should be consistent with those used on the CASF card.
The VALU card is read under

FORMAT (A4, 21, 5x, 4F5.0)
and its fields are defined as follows:
A4 - (1-4) - "VALU"

Al - (5) - "B" or "R" to indicate the values specified
apply to either Blue or Red aircraft

4F5.0-(11-30) - the residual value of an undamaged aircraft
of types 1 thru 4 respectively. Default value is 0.

WGHT Card

Each component, f;, of the overall objective function described
under the OWGHT card (Equation A-l) can be expanded as

'I;il
fow 2o %o TOF ®1.0, 8 (A-2)
) =
t=1
where weighted difference of Blue minus Red CAS firepower
R delivered during stage t '
1t ~
by CASp, - ry CASp, (A-3)
weighted difference of Blue minus Red total firepower
£ " delivered during stage t
o .
by TFPgt - ry TFPp, (A-4)
weighted FEBA movement during stage t
3t (FEBA movement during stage t) (A-5)
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WGHT cards are used to specify the values of the weights by and ryas a
function of stage. Each WGHT card is read under

FORMAT (A4, Al, IX, 12, 2X, F5.0)
and its fields are assigned as follows:
A4 - (1-4) - "WGHT"

Al - (5) - "B" or "R" to indicate whether the value
specified is a Blue or Red weight (b or rt)

12 - (7-8) the number of the stage t for which the
specified weight is applicable

F5.0 - (11-15) - the value of the weight. Default value is 1.

As an aid to the user, Figure A-3 summarizes the formats of all
the input cards described above and the default values used if a card is
not supplied. With the exception of the TRIAL card, all cards for which
default values are not specified are required for every run.

DATA DECK STRUCTURE

As alluded to in the descriptions of the individual cards, ATACMI
permits considerable freedom in the ordering of cards within a run deck.
Table A-3 summarizes the order constraints for those card types subject
to special restrictions. The only sequence requirement applicable to cards
not listed in the table is that they follow the RUN card and precede the
END card. Figure A-4 presents a sample run deck with the input cards in
an acceptable order.

OUTPUTS

The possible outputs of ATACMI include the printed output which
details the results of the run, the TRIAL-TAPE which can be used by
ATACM2 to evaluate additional trial wars, and a BATTLE-TAPE containing
one-stage battle outcomes which can be used to speed the execution of
certain subsequent runs of ATACMI1. Each of these outputs are described
below.
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TABLE A-3

SEQUENCE RESTRICTIONS ON INPUT CARDS
TO ATACM1

Restriction
First card in the data deck

In ascending time sequence (e.g., a STRTB
card for stage { must precede a STRTB card
for stage j if i<j)

Follow scenario and attrition cards/precede
the optional TRIAL and FINIS cards

Follow the END card/precede the FINIS card
(optional)

Follow TRIAL cards/last card in the data deck
(optional)

Printed Output

Unless explicitly suppressed by the print options listed in
Table A-4, every run of ATACMI1 prints:

e both the input deck and the input parameters
reformatted for readability

e the numbers of pure strategies available to Blue and
Red

lists of the pure strategies available to Blue and Red
the number of possible states
a list of the possible states

run-time estimates
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FIGURE A-4
SAMPLE RUN DECK FOR ATACM1

-—RUN ——— — ... SAMPLE RUN == 2 BLUE AIRCRAT TYPESs ) RED AIRCRAFT TYPE
STAGE r '
—-NO1yB — . . e . v - B s e
ND1VR
—DIVFB —- - —
D1VFR
—-GRINBL - - - -~ 333 667 1000
GR1DB2 0 200 %00
——GRIDRE—— - ——0---400—-800 1200 - - O e
MlSsBl 2 1 2 T & 2¢0 1e0 2.0 1.0
—MlSsB82 —-—3-- 3 —4—5 6-—— —— 2e0. 200 240100
M1SsR1 2 1 2 3 4 2.0 le0 240 240
e STRIE— 2 1P 8 & e I i g 2 el e
STRTR 1 0200
——STRTR —2-— & 8 %4
REINB 2 100
— REINR-—-2—- 200
VALUB Be O
——NALUR—-———— Je
CASFB 2.
CASFR 3.
OWGHT 0 1.0 0.
— NS B ——-—100 - - ——
NSHLR 300
——NSAMB -—— - —-30 -—50 - Sy S N e, S T S
NSAMR 20 40 0
—--ABAFB] Y L e R S e e = = &= U
ABAFB2 1.0 1,0 1.0 5
——ABAFR]— il i Wil S~ ST, F e e s
WGHTB 1 S
— PKSHB .— - +20 - - Es e e R e L =
PKSHR 25
e PRINGBL L g i e e S e
PRNSR 50 :
B L | e e e e s
PKFSR «08
e DEREBE s — i Drm———: ) i I e ek ey g =T
DFRCR .8
-—FEBAMI - — 0--.‘1..—--099 ‘lu_lool lc 200... .10 [
PKBABI 210 16
— PKBAR]1 - . .- IS} 1O 17 L
PKAAB] «09 o155 420
o PKAARL — el e e Sl SIRINS -l
PKBNB2 05
— PKBORY -~ W04 _ s e 7 A il = R M o T b e
PKADB2 03 :
—PKADR]Y — 02 e AW | I ——
PKHBEBZ 05 «03
. PKAgB2 (1) (/) P = «01 002 . _
PKFABI «01
—PKRABl ———— o0l 603 e s o W o et o T, oS
END
TR1aL 2 400 100
TONRIAE T Nl 600 200
_“IBIAL 2 1 800 300
FINIS
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TABLE A-4

RUN CARD
PRINT OPTION CONTROLS

To suppress the Punch a 1 in RUN
print of: card column

Input parameters 11
All possible strategies for Blue and Red 12
All possible states 13

If trial war evaluations are requested during the execution of ATACMI,
additional outputs are printed under the control of the print option para-
meters on the TRIAL card. Specifically, unless explicitly suppressed by
the print options listed in Table A-5, every trial war evaluation prints:

e the TRIAL card parameters, the MAXMIN and MINMAX
bounds on the objective function, and the value of the objective function
produced by playing Blue's MAXMIN strategy against Red's MINMAX
strategy

e the number of planes available on both sides and the
value of the objective function as a function of stage

e the optimal aircraft allocation strategies as a function
of stage '

e the individual values of the three objective functions
(i.e., Blue-Red CAS Firepower, Blue-Red Total Firepower, and FEBA
movement) listed as a function of stage

Figures A-5 and A-6, which were produced by the sample input deck of
Figure A-4, illustrate the outputs printed under the control of the RUN and
TRIAL cards respectively.
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TABLE A-5
TRIAL CARD
PRINT OPTION CONTROLS

To suppress the print Punch a 1 in TRIAL
(by stage) of: card column
Number of planes/objective function value 15
Optimal strategies for Blue and Red 16
All three objective function values 17

BATTLE-TAPE

The BATTLE-TAPE is an optional output of ATACMI1 which contains
the one-stage battle assessments computed in the initialization phase of
the run (see Figure A-2). The BATTLE-TAPE has two potential applications:

e it provides a partial backup/restart capability should
an ATACM1 job be terminated abnormally after the battle assessments are
computed, and

® it can be used to input rather than recompute battle
assessments for perturbation runs of ATACMI in which those parameters
affecting one-stage battle outcomes are unchanged.

The advisability of specifying a BATTLE-TAPE as an output of a
long-running ATACM1 job should be obvious. If sucha job aborts abnor-
mally after the BATTLE-TAPE is written, a rerun can be made by simply
assigning the BATTLE-TAPE as an input, punching a "2" in column 15 of
the RUN card, and resubmitting the job. The resubmitted job reads the
battle as:essments directly from the BATTLE-TAPE, thus saving the time
required for their calculation.

In the case of a shorter run, the decision whether to create a
BATTLE-TAPE depends upon how applicable the computed battle assess-
ments will be to other related runs of ATACM1. Table A-6 lists those
input parameters which can be changed without affecting one-stage battle
outcomes and thus defines the set of related runs which may share the
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FIGURE A-6
SAMPLL OUTPUT PRINTED
UNDER CONTROL OF TRIAL CARDS
1 al - TRIAL CARD #1 Sl DU N -, AL D
v " NUMBER NUMBER OF PLANES AVAILABLE MAXMIN
___TRIAL  OF  _=moee BLUE =====  ===== RED ======- BLUE RED VS
NUMBER STAGES 1 2 3 & 1 2 3 4 MAKMIN  MINMAX  MINMAX
1 2 400 100 0 o0 S00 0 0 0 -10515 9735  =-2837
D o T JRIAL NUMBER 1 =™ o
TTTTTTTTT NUMBER OF BLUE  NUMBER OF RED TomaxmIn 7 J i
__STAGE. _PLANES AVAILABLE . .. PLANES AVAILABLE .. ..VS _ _ . Doy
NUMBER 1 2 3 4 L E W @ MINMAX  TOTAL
- T 297 17 0 0 48 0 0 § T ek g e S
SRS (O ST 1 S W e SN A S SR | S s S
T G 1 VS e S M SR s e e
F PLANE ALLOCATION FRACTIONS FOR BLUE 7
STAGE PLANE TYPE/MISSION i, il o Fo= &l
e RUMBER. « AT AR A W8 BID B BB B o oo e R
e J 450 0400 0000.-+50 0400 0,00 . 433 67. . ..
2 250 0600 o50 0e00 0,00 0,00 o33 67
""" - " " IRIAL NUMBER 1 |
[ " PLANE ALLOCATION FRACTIONS FUR RED s
T STAGE 7. T PLANE TYPE/MISSION
__NUMRER.. . 1/1 1/2 173 1% AR 1
= sl 0,00 1,00 0.00.0.,00 - o =
2 1400 0,00 0400 0400
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FIGURE A-6 (cont'd) .

TRIAL CARD #1 (cont'd)

TRIAL NUMBER 1
BLUE-RED BLUE~-RED
— STAGE --—— CAS . GRND*AIR FEWA

NUMRER FIREPOWER  TOTAL FIREPOWER  TOTAL MOVEMENT TOTAL

1 397 397 462 42 1 1
3 ,3219— ~2882. - -=3219... <2837 At R 4 e

= - s as = imm ey = — = — o e ——— T_ommess TS

B S ., . ... AL !

T UNUMBER  NUMBER OF PLANES AVAILARLE “THAXMIN
" JRIAL .. OF __ ==e== BLUE ses==_. .=s=e= RED =-==== _ BLUE. _ RED Vs
NUMAEW STAGES 1 2 3 4 1 2 37 & MAXMIN MINMAX  MINMAX

2 1 600 200 0 0 600 O "o o -s721  s32 T <18
‘ “TIRIAL NUMBER 2 ot Sl 2

BLUE=-RED BLUE=-RED
—STAGE--  ——-CAS e GRND*AIR. S, FESBA R
NUMBER FIREPOWER ~ TOTAL FIREPOWER  10TAL MOVEMENT TOTAL )

1 0 0 Y .-lS , W -1_5 S -l' . -f .
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FIGURL A-6 (cont'd)
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same BATTLE-TAPE. For example, to study the sensitivity of war outcomes
to reinforcement policies, numerous runs of ATACM]1 would be required in
which only the reinforcement parameters on the REIN cards would change.
In such a case, since reinforcement parameters are listed in Table A-6,
the BATTLE-TAPE produced by the first run of ATACM1 could be used to
input, rather than recompute, the one-stage battle outcomes required by
the remaining runs. The only changes required in the data deck for one

of these perturbation runs would be the changed REIN cards and a modified
RUN card with a "2" punched in column 15.

In the CDC 6600 version of ATACM1, the BATTLE-TAPE is assigned
the logical file name "TAPE10".
TABLE A-6

INPUT PARAMETERS WHICH DC NOT AFFECT
ONE-STAGE BATTLE ASSESSMENTS

Parameters Columns
Reinforcements 11-30, 36-55
Number of stages 11-12
Residual value of undamaged plane 11-30

Objective function weights by stage 11-15

TRIAL-TAPE

The TRIAL-TAPE produced by ATACMI1 contains the values of the
major COMMON areas assigned during the execution of ATACMI1 as well
as the optimal strategies and associated bounds generated for each state
and stage of the campaign. The tape is used exclusively by ATACM?Z to
input those parameters required to evaluate trial wars of varying length
initiated with differing numbers of aircraft available to the opposing forces.

In the CDC 6600 version of ATACM1, the TRIAL-TAPE is assigned
the logical file name "TAPE4".
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EXECUTION TIME

One of the most important considerations in the use of ATACM1 is
the execution time required to generate the results written on the TRIAL-
TAPE. There are three phases of calculation necessary for the generation
of this tape:

e SETUP - the generation of strategies and states

e BATTLES - the calculation and output to scratch disk
(and BATTLE-TAPE if requested) of one-stage battle assessments for each
Blue-Red strategy combination

e GAMES - the calculation of the MAXMIN/MINMAX objec-
tive function bounds and plays for each stage and state

The time required for SETUP is usually insignificant (2 seconds) compared
to the times for BATTLES and GAMES. Run times for these last two phases
can range from a few seconds for a simple scenario to several minutes or
even hours for the most ambitious requests.

Time Estimates

The run time associated with BATTLES and GAMES is a relatively
complex function of the total number of aircraft types on both sides, the
number of Blue and Red pure strategies, the size of the state space, and
the number of stages and cycles-per-stage in the air campaign being simu-
lated. To provide the user with estimates of the CPU and IO times required
for BATTLES and GAMES, all of these variables were incorporated into
empirical formulas derived from numerous test runs made on the CDC 6600.
The formulas were coded into the subroutine TIMER which prints time esti-
mates for BATTLE and GAMES before the calculations are performed.

To use the time estimates produced by TIMER to assess the reason-
ableness of a particular run before it is submitted for complete execution,
a preliminary run using the candidate data deck should be submitted with a
1 punched in column 14 of the RUN card. All outputs shown in Figure A-5
through the printing of the time estimates are generated in their normal
manner. However, execution is terminated just before the BATTLES and
GAMES phases of computation begin. The output which is generated per-

‘mits verification of the accuracy of the input data and provides a basis
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i for determining whether the length of time required for a complete run is
acceptable. Because of the minimal effort and cost associated with such
a data-and-time check, its use is strongly recommended for all but the
simplest runs.

Use of the BATTLE-TAPE

Another consideration related to the execution time of ATACMI1 is
the use of the BATTLE-TAPE. As described under the outputs of ATACM1,
use of the BATTLE-TAPE permits the one-stage battle assessments produced

1 during the BATTLES phase of calculation to be written and stored on mag-
1 netic tape for use in subsequent related runs of ATACM1. Since the time

required for the calculation of these battle assessments is typically a
significant fraction of the total execution time, judicious job sequencing
which permits the use of a single BATTLE-TAPE for numerous runs of ATACM1
will produce substantial savings in the total computer time used.

DIAGNOSTIC MESSAGES

o

Diagnostic messages generated by ATACM1 are classified in order
of increasing severity as

INFO: Information only -- anomaly is ignored.

ERROR: Processing error -- job is aborted at the end of
the current subroutine.

ABORT: Abort -- job is aborted immediately.

Messages which may be produced by ATACM1 are listed and interpreted in
Table A-7 in approximately the same order they are encountered during pro-
gram execution.

B A-44




‘paed JOVLS 9yl
uo perjtoads sabejs jo Jequinu (R3Ol SY3 ueyl

sga| sem pay 1o anjg I1ayile 10} peal pled Lyogv NOIVIMYD JO IDVILS LSVI
LIS 1se[ Jo g-/ SUWN[OD Uf Jequinu ayj, JHI QYHI dJ1J1D3dS ION SIIDILVYLS
*ad4y jre1oare Suypuod
-g21102 a1 1O} UOTiOoel] UOTIEDO[[R WNnWITUTW
ayj jo JojeuTwouap ayl 01 wns isnu A3yl
‘piea JMIS B uo pafroads ale sSUCISSTW SIT Joav 0°1 OL NNS LSNIN
o3 adA3 3jeioare ue Jo suonedol[e 3yl [[# i1 AdHIL d3rdindds J¥V SNOILYOOTIV TIV dI
*addiy 13eioITEe
Burpuocdsailoo Y] 10] uonoel] UOTIEDO[[R urnm
~TuTW 8yl JO JOjPUTWOUSP SY) Spaadxe ‘pied
I¥1S e uo peyoads se ’suolsstw 531 03 2dAy Ldogv 0° 1 SA3IIOXd
3jeIDI[e Ue JO SUOTIeDO[[R 9Yj JOo wns aylL SNOIIYOOTIV a31d1Ddds 4O WNS
*g1-11 suwnfod uy paysund
0 & 2aeYy lou S20p Spied (JI¥D 2y} jo aup Joyyda OY¥3z 349 ISNW TIATI AI¥O ILSTTIVINS
*pIed (N3 243 sspadaid pied
SINIJ 10 TYTYL e 10 ‘[-Y 9[qel uj paist]
ssol Jo Aue yojew jou saop Aoy pied ndul qowdd QIzZIND0OTY ION ATA YYD YIvVd
uor3ejaidialiu] JSTREYER abessaN

TNDVYIV A9 dIIVIANTD SIDVSSIW OLLSONDVIA

L-Y TT19VL
6vZ2-9Vd

A-45

e g g e e

e




c1sd[eue

swalsAs 3nsuod 1o gol urudy * (63IJdVL)
3sTp yojeios uo sigjpwered JYIS Huritm AR (01:04

S[TYM pPoOI9IUNOOUS Sem dIN[Te] 9ITIM Wwalsig

* peoonpal aq 1snu
sa1baiens aind jo Jaqunu a9yl Jo saiels Jo
laquinu ay) JOYry -“spiom 000’SZ Spedd
-X3 satbalens aind ayj ai1ols o1 pasn eaie
pauorsuawrip 9yl snid ‘saiels Jo JBqunuU
ayy sawr} 01 snid ’‘xrneuw sweb sbels-suo ogY
83 Ul SIUDWSd JO I9quINU 3Y3l SSUIT] OM],

*paonpal aq jsnuw sarbajens aind jo Jequnu

12101 @Yy} IO S91e3S JO IBqunu ayl I9YIrg

‘splom 000’'S§Z Speedxa serbejenns aind ay3
21015 01 pasn eale pauolsuawrp ay3 snid nogy

01 Aq partrdrijnw sajels Jo Jaqunu [elo} aYJ

‘uorIoRIl]
uoTleoo[[e Wwnuwrutw Jabiey e 1o ‘sadAy 33e1d
-ITe 19M3] ’ SUOTSSTW Jomaj Jo uoriedriroads
apnour satpawal arqissod ‘" sSpiom 000°SZ
Speaoxa SapIs yjoq Joj sarbejeis aund
! ayj @103s 03 pairnbal eaie [e3103 @Yl 1O ‘002
sposoxa adAj j1e1oaTe o7burs e 1ol sioldaa

_ UOTSTOapP JO Jaqunu ayj ‘00§ SpooIXd aprs ogv
] 2uo 10] sarbajeiis aind jo Jaqunu 3yl BYITI

t uotriejaidiajul Ki119A33

(p,3u0D) L-V TTEVL

Tk Sy S o L © 40 4

NIAVIy INILAOYLNS
NI 63dV1I O JO¥y¥ld 1NO ¥3ddNdg

XIYIYN INVYD JIOLS
Ol VAYY NOWWOOD HONONI ION

SAVId ANV
SINTYA TIOILS OI SIIVIS ANVIN OOL

TJOOD NI dIIOLS
14 OL SIIOIAIVEIS IINd ANYN OOL

abessaN




*jsAfeue swalsAs 3[NSUOD IO ol

uraey  * (PIdVYI) IIVIL-TVIYL Buritim arrym
Pa192jUunooul sem JIN[IR] 93TIM WIISAS

*1sfJeue swalsAS I[NsSuod 1o qol uniay
*(19dYI) ¥STP YojeIdsS WOI} SJULWSSISSR
a711eq Hurpeal STUM PIISIUNODUD sem
ain[re] peal waisAs 1o louR Ajtied e LYIT3

*3sA[eue SwaisAs jns

-uod 10 qof urusy *(13dVI) STP yojeios
uo sjulduwssasse aryeq buritm aTTYM
pa2J12junodus sem 3INn[Te] 93Tim WIISAG

*1SA[RUR SWA3ISAS

j[asuoo 1o qof urudy *(013dVI) IdV1L
-71LIYY9 @Yl UO pPalajunooud sem anjrej
O/1 wa31sAs e IO Jold K3irzed peal e RYITI

* pojurid @1 S9]PWTIISD QWITI-UNI Id3je

A[ojeIpoWWT pajeurwia)j ST UoTINOaxXy *pled

NAY 2U3 JO y1 uwnjoo ur payound sem 1 ¥

*1sd[eue swaisAS }INsuUOD 1o qof

urudy " (63dYI) ASTP yojelds woly siajdut
-eied YIS burpeal s(Tym palajunodoud sem
ainyre] peal waisAs 10 ioud Kjued e 1@YIrg

uomejaidiajug

(p,3u0D) £-V TI9VL

LJogav

AR.(0):) 4

Liogv

AR. (01:)4

AR:(0):0'4

AR.(01:\ 4

KIT19A3S

6vc-dvd

NVIO0dd NIVIN
NI #3dV1L OL 4OWd3 1LNO ¥3IddNg

SINYD INILNOYLNS
NI 13dVI WOYd dO¥y¥3 NI ¥3ddNd

LINI INILNOYENS
NI 13dVI OL 4OWd3 1LNO ¥3iddnd

LINI
INIINAOYENS NI 013dVYI NO JOWI O/1

JIVNILET JNIL ANV
ADIHD VIVA ¥ XINO dIrsandOId ¥asn

LINI INILNOYENS
NI 63dVL INOYd YOI NI ¥3ddNdg

2besSSoN

A-47

g




*31sATeue swalsLs

}[nsuoo 10 qof unisy ‘*obels Jo uorioung

e se sanfea uoriouny aarioofqo pue sauerd
a1qeftear 21031s O] pasn (gIJVI) ASTP yoleios
UO PaI9junooue sem ainjrey O/I wWalsAs y

v e

*isAteue swaisAs INSUCD IO
qof uruay -~ (IJVWI' }STp yojeids woi sderd
XYW NIW/NIWNXYye burpes: afiym paiajunod
-Ua Sem aInjie] pesl walsdAs 10 1o Aztied

*3sAreue
swaisds 3[nsuoo 1o qof uniay - (gIdYL) ASIp

yo1ei0s uo sAetd XYINNIN/NIWXYN Bupirim
STy# pPalajunooua Sem 2IN[TE] &ITim WalsAg

‘1sfjeue
swajisds jnsuoco 1o qof urusy *(L3dVL)
¥STD Y2IeIDs Wol]l Sanjea uoriocuny aanoalqo

XYW NIN/NIWXYIN Butpess a[Tym palajunodous
SEMm ain[ie] pess waisdAs 1o Jjoua Aried

< *1sdAfeue swalsAs Jnsuod Jo qof
. unidy *(£L3dVI) ¥STp yolelids uo San[ea uor}

-ouny 9ATIOR[O XYINNIW/NINXYIN Buritim
TYM PBISIUNOOUD Sem aunjre] 91Tim walsAsg

uorlelaidialu]

(p3uoD) £-V J19VL

Ldodv

L40odv

L3048V

LIOdV

L30odv

XiT1onag

6vZ-d¥d

STVIYL INILNOYENS
NI 63dVL NO 40¥y¥3 O/1 ASId

STVIIL INILNOYLNS
NI 83dVLI WOYd dO¥d3 NI ¥31dNd

NVIO0dd NIVIN
NI 83dVL OL dO¥d3 LNO ¥3idind

STVIYL INILNOYENS
NI £3d9L WNOYd dO¥d3 NI ¥3ddnd

INTIO0UYd NIVIN
NI £3dV¥V1 OL ¥Odd3 1NO ¥3iddingd

abessaN

A-48

e ———

e



*uoTHoge qof ajejrssasau
SYOYYI pesouberp Arsnoraaid sajesrpul SYOWYd TVIVd OL INd d3rydodvy NNy

‘TINDVIY Jo
un [eutbrio ayy ur 2dA3 jyeroare jey; 1ojg
parijroads [9A8] PrIb WnWIXew 3yl Spa’aoxe
sadA} j3jeIoITe ou Jo auo I0] pIed TYIYL © a31d103ds IdAL INO JO SINVId
uo pajroads saueld jo zequinu [TITUT YL ANV OOL -- ATIONDI Qy¥D TVINL

*TINDVYLY Jo uru [eurbrio ayj ur :
perjroads sabeis Jo Joqunu ayl SpPaIOXa Iem ailsindIY SIOVILS
1ern e 1o peisanbail sabeis jo raquinu YL ANVYIN OOL -- ARFONDI QUVD TVIYL

“ wIVIYL,
ureluod pnoys g-1 suwnio)d ‘psaysund OJNI LYIWHOJ
-STW ST spIed TYIYL @Yl JO duo uo A3y ayJ LOTPIOODNI -- ATIIONDI AYVD TVINL

uoriejaidiajul  STFEY TS obessoN

(p,3Uu0D) £L-V TI19VL

€yZ-9vd




PAB-249

ATACM?2

As depicted in the logical flowchart of Figure A-7, the required
inputs to ATACM2 are a TRIAL-TAPE written by a previous run of ATACM1
and the TRIAL cards requesting war evaluations. In addition to the out-
comes of the requested trial wars, ATACM2 can print the inputs, the
strategies, and the states used in the original run of ATACMI1 to generate
the TRIAL-TAPE being read.

INPUTS

The TRIAL-TAPE is the primary input to ATACM2 and is assigned the
logical file name "TAPE4". The input deck to ATACM2 consists of three
card types described previously under the discussion of ATACM1's inputs.
The first card in the input deck must be a RUN card, the last card must be
a FINIS card, and the remaining cards must be TRIAL cards. The formats
of all three cards are identical to those shown in Figure A-3 with the
exception that RUN card parameters in columns 14-80 are ignored by
ATACM2. Figure A-8 presents a sample input deck for ATACM2Z.

OUTPUTS

The outputs produced by ATACM2 are a subset of those produced
by ATACM1. By specifying the print parameters described in Table A-3,
the user can elect to print any or all of the following outputs under con-
trol of the RUN card:

e the input parameters to the original run of ATACM1 which
generated the TRIAL-TAPE

e lists of the pure strategies available to Blue anc Red in
the original run of ATACM1

e a list of the possible states generated in the oricinal run
of ATACM1

In addition, for each trial war evaluation requested, ATACM2 produces out-
puts identical to those described under the outputs of ATACM1 whict. are
controlled by the print options of Table A-4 and displayed in the semgle
output of Figure A-6.
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Read COMMON areas from
TRIAL=TAPE. Tiansfer MAXMIN/
MINMAX strategies and bounds
from the TRIAL-TAPE to scratch

disk

Read RUN Card

If requested print
e input parameters
e pure strategies
e states

Use TRIALS to read
TRIAL cards and
generate war outcomes

FIGURE A-7
LOGICAL FLOWCHART OF ATACM2

A-51
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EXECUTION TIME

The execution time required for ATACM2 is insignificant relative
to that required for ATACM1. A typical run requesting the evaluation of
10 trial wars of 10 stages each will generally take less than one minute.

DIAGNOSTIC MESSAGES

Diagnostic messages generated by ATACM2 are classified according
to the same scheme described under ATACM1. Table A-8 lists and
interprets those messages applicable to ATACMZ,
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APPENDIX B

PROGRAMMING DOCUMENTATION

This appendix presents programming documentation for ATACM1 and
ATACM2. Following sections describe the storage requirements for the two
programs and potential problems associated with converting them to a com-
puter system different from the current C>C6600. In addition, FORTRAN
listings and definitions of the most frequently used variable names are pro-
vided.

STORAGE REQUIREMENTS

In its current form ATACM1 requires approximately 54,000 words of
core storage, of which about 14,000 are used for program instructions and
40,000 are used for array storage. In addition, approximately 2,000,000
words of scratch disk storage, as described in Table B-1, are requir=d for
a representative run of the model.

ATACM?2 requires approximately 40,000 words of core storage, of
which about 8,000 are used for program instructions and 32 ,000 are used
for array storage. Scratch disk requirements for ATACM2 include those
shown for files TAPE7, TAPE8, and TAPEY in Table B-1 -- approximately
16,000 words for a representative run.

CONVERSION TO A DIFFERENT COMPUTER

Both ATACM1 and ATACM2 are coded in CDC 6600 FORTRAN EXTENDED
which is generally compatible with FORTRAN compilers available on other
major computer systems. Use of those capabilities of the CDC FORTRAN
which are unique or less standard was purposely avoided to minimize the
problem of program conversions. Subroutine and variable names are limited
to six characters, the standard H specification is used in FORMAT statements
for the output of Hollerith strings, multiple assignment statements are not
used, etc. ENCODE and DECODE statements are used extensively in the
subroutine READIN but, if required, they could be eliminated by imposing
more strict rules upon the order of the cards in the input deck.

Assuming the problem of FORTRAN compatibility can be resolved,
the only remaining obstacles to conversion are the core and disk storage
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requirements described above. Unfortunately, these requirements will
probably increase rather than decrease in a conversion to another machine
because of the large 60-bit word used in the CDC6600. The number of
words required for program instructions after conversion to a 32 or 36-bit
word machine (e.g. IBM or UNIVAC) could be as many as twice (60/32 or
60/36) the number currently required. Most array and disk storage require-
ments would be unaffected by a smeller word, the one notable exception
being the storage used for battle assessments. In the current versions of
ATACM1 and ATACM2? ten integer values are required to characterize the
results of each one-stage battle assessment and these are packed into two
words. Eight unsigned integer values are stored in one word (7 bits each),
and the remaining two signed values are stored in the other word (30 bits
each). The most natural allocation of these values on machines with 32

or 36-bit words would require four words ~~ two for the eight values and
one word each for the other two. In a representative run such as that
described in Table B-1, the one-stage battle assessments for a single state
which currently occupy 5,000 words would require 10,000 words in the
converted programs. Analogcusly, the total amount of scratch disk required
to store the one-stage battle assessments for all states on TAPE] (see
Table B~1) would increase from 2 to 4 million words. To illustrate the im~
pact of smaller words, Table B~2 summarizes current and estimated storage

requirements for both ATACM1 and ATACM2 before and after conversion.

One final consideration in the conversion problem is the possibility
of reducing the size or complexity of the air campaign which can be simu-
lated in order to fit the model to the storage available. The major array
used for variable storage in both ATACM1 and ATACM2 is a singly dimensioned
vector called XARRAY. The location of values in XARRAY are assigned dynami-
cally depending upon the number of strategies, number of missions, and
number of states addressed in the scenario being simulated. The total num-
ber of words in XARRAY which are required for a particular run is generated
by

Total Words Required = NBST*NBM+NRST+*NRM+ (B~1)
in XARRAY 2 +NBST-NRST+10°NSTATE

where NBST = number of Blue strategies
NRST = number of Red strategies
NBM number of Blue missions per strategy
NRM number of Red missions per strategy

NSTATE = number of states
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In the current versions XARRAY is dimensioned to be 25,000 words long,

the value of NWORK. If calculations using Equation B-1 indicate fewer
than 25,000 words are adequate for the type of runs which will be made

on a different computer, hoth NWORK and the size of XARRAY can be reduced
to a more compatible value®. The result would be a commensurate reduc-
tion in the data array storage requirements shown in Table B-2. Although
additional reductions beyond those possible by changing NWORK can be
achieved by reducing other array dimensions, such changes require a more
detailed understanding of the program structure and would yield consider-
ably smaller savings relative to the effort required.

FORTRAN LISTINGS

Figures B-1 and B-2 present FORTRAN listings of ATACM1 and
ATACM2 as written for the CDC6600 system. Comment cards in the
listings describe the functions of the various subroutine while Table B-3
lists and defines the variable names used mocst frequently in the two pro-
grams.,

*
The only restriction is that NWORK can not be reduced below 6600 -- the
length of NALOCS in READIN.

B-5
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FIGURE B-1
ATACMI] LISTING

PROGRAM ATACHM1 (OUTPUT»TAPE1=65¢TAPE2sTAPEI»TAPES=65,
— _ 1TAPES+TAPE6ZQUTPUT ¢ TAPET=65+TAPEB®659 TAPEY=659 TAPEL10=65)

ATACM]

l

VERSION 140

MAYs 1975

|
t

/ATACM1/ IS THE MAIN PROGRAM OF THE ACDA TACTICAL AIR
CAMPAIGN MODEL WRITTEN RY KETRONs 1NCe FOR THE US ARMS
— __CONTROL AND DISARMAMENT AGENCY. /ATACMI/ CALLS THE
SUBROUTINES USED TO PRODUCE OPTIMAL CONSERVATIVE PLAYS
AND ASSOCIATED MAXMIN/MINMAX OBJECTIVE FUNCTION VALUES
FOR ALL STAGES AND STATES OF THE CAMPAIGN. 3

l

000000000

COMMON /INPUT/ L1MISS(B44e2) sIGRID(119442) sLASTPINALOC(844)y
INFRAC (492) oNSHL (2) e NSTAGE ¢« NDAPST o CASF (492} 9 IPRINT (8) ¢ %
IITITLE(blOVALU(@OZ)OPKBD(QQ“QZ)QPKSDES(QO“OZ)OXGKID(IIQQOZ)O
e IPKAD(4y492) sPKADES (G49692) 9 PKBA (494 92) sPKAA(GG42)
LPKESBD (496+2) yPKESAD (494 92) sPKSH(492) sPKNS (492) yREIN(49201001 9
e~ I WGHT €100 92) s XSORT (Bo492) sNDIV(2) yOWGHT (5) sNRSAM(2) oNF SAM(2) » ..
IPKRS(“OZ)OPKFS(“OZ)OABAF(SO“OalOOIVFP(Z)OPKUAFS(QOZ);
e 1PKAAFS(G442) yFFAARS (492) ¢PKAEFS(492) ¢ PKAERS(442) sPKBEFS (492)
LPKFAFS (412) yPKRAFS (4+2) sPKRARS (492) yDFPRED (492) oFERA(2+28) ¢
e —— —)JREINF (492+100) — — oo - e ;
" COMMON /WORKN/ NTYPE (2) ¢NMISS (492) sNMISST(2) yNGR1ID (492) s
——-——-~JIBLURD(2)oNSTRAT(hoZ)oNFULST(Z)oNSTAT.NlﬂGANolMPNT(3202’o
llTPNT(JZQZLoIDEM(aloNSTRTC(d)olRA(lOO)oJRA(lOO)oLQNIoLUNOo
----- —-INHORKONSTATZ'ISINT(50002)olDINT(IOOQZ)olNPNT(JZoa)
COMMON /WORKL/ LOCST(SOOO?)OLOCBGOLOCEGoKOCéGoKOQ@GOLOCBVRO
B -lLOCBVBoLOCEVRoLOCEVBoLOCBPRoLOCBPBuLOCEPROLOCEPB? -
1KOCBVB yKOCE VB s KOCBVR yKOCEVR s JOCBVB ¢ JOCEVS + JOCBVR s JOCEVR ¢
110CBVBsIOCEVBs I0CBVRs IOCEVR = : i & g A LR
COMMON /WORK/ XARRAY (25000)
— . COMMON /ERROR/ IERR
DIMENSION INPUTZ (2680) y WORKNZ (1640) s WORKLZ (1024) +WORKZ (25000)
_DIMENS1ION JTARRAY(]) : L ] i L
DIMENSION NAMES(6)
o EQUIVALENCE (IMISSeINPUTZ) s (NTYPE ¢WORKNZ) s (LOCSToWORKLZ) _ . _
EQUIVALENCE (XARRAYsIARRAY+WORKZ) :
~_GDATA((NAMES(I)01'105)‘-'SHSTAR!06HREADIN06HPRNTINObHBATTLEOSHGANES)
DATA (NAMES(6) =6HTRIALS) i ; Akl '
_DATA(IERR=0) L | :
CALL SECOND(T)
_ _WRITE(LUNO#100) ToNAMES(1) 5 )
;Oo FORMAT(/1X9F943924H CPU SECONDS USED AFTER 2A10)
= - T=T1OCALL (X)) - s, - oo S
WRITE (LUNO#110) ToNAMES(1) . ;
— 110 — FORMAT(1XsF9.3924H 170 SECONDS USED AFTER #AL0/)
IERR=0
—— . CALL READIN o e e o e e
CALL SECOND(T)
WRITE(LUNO9100) _ToNAMES (2)
T=TIOCALL (X) .
e WRITE{(LUNO#110) TeNAMES(2).
IF (IERR +EQ, 1) CALL ERR(1)
s JF(IPRINT (1) -oEGe-0) -CALL. PRNTIN. .
CALL SECOND(T)
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FIGURE B-1 {cont'd)

WRITE (LUNO+100) ToNAMES(3) ‘ ;P 00700
TaT10CALL (X) 00710
WRITE(LUNOs110) ToNAMES(3) P _ A, 00720

CALL INIT ‘ : 00730

CALL SECOND(T) 00740

WRITE (LUNDO+100) TyNAMES(4) 00750

. T=T10CALL (X) - . 00760
WRITE(LUNOs110) TeNAMES (4) 00770

_ IF(IERR +EG. 1) CALL ERR(1). 1 : 1 00780

CALL GAMES 00790

- CALL SECOND(T) . 1 ol (R e 4 £ 00800

WRITE (LUNOs100) TeNAMES(S) 00610

il DATIQONERIRE - - - o MR e £ ° e il o 00820
WRITE (LUNOs110) ToNAMES(S) 00830
______IF(IERR .EQ. 1) CALL ERR(1) DR - g WS, 00840
c 00850
.. ___ _ WRITE COMMON BLOCKS TO THE TRIAL-TAPE TO BE.USED FOR . _. 00860
c SUBSEQUENT SENSITIVITY ANALYSES 00870
PR ST A e 3L, et re L Y D0 T e A e SRR
BUFFER OUT (4sl) (INPUTZs INPUTZ(2680)) 00890

o IF(UNLT(4)). 20091504150 - . , Sl A 00900 _

150 CALL ERR(11) . 00910
_—200_.. BUFFER OUT (4s1) (WORKNZWORKNZ(1640)) . ... .- . .- —— - . 00920
IFLUNIT(4)) 30091500150 00930
— 300 BUFFER.OUT. (4s1) . (WORKLZsWORKLZ(1024)) . .. g < 00940
IF (UNIT(4)) 40001500150 00950
o 400_._ BUFFER OUT (4e1) (WORKZoWORKZ(NWORK)) . . .. . 00960
IF(UNIT(4)) 50091509150 00970
o CE SR T S A S ST e L, St . 00980
c WRITE VALUE AND PLAY OUTCOMES FOR EACH STAGE AND 00990
€ STATE.ON_THE_TRIAL=TAPE AND ON SCRATCH DISK_ .. _ ___ T e 20)) 00T
c ‘ 0lvio
——500——D0-600 ImX¢NSTAGE - .- . L bl o) e e B LR HONI0E0
CALL READMS (2+ IARRAY (LOCBVB) yNSTATZ24 1) 01030
o ___BUFFER OUT (4s1) (LARRAY(LOCBVE)+IARRAY(LOCEVR)) _._. . B 01040
IF(UNIT(4)) 52091500150 . 01050
__520___ CALL READMS(3+IARRAY(LOCBPB)INSTAT2s1) I - 01060
BUFFER OUT (491) (IARRAY(LOCBPB) ¢+ IARRAY(LOCEPR;) 61070
e IF(UNIT(G)) 53091509150 e L e L SONOB0,
530 BUFFER OUT (7s1) (1ARRAY(LOCHVB) s IARRAY(LOCEVR)) 01090
e —IF (UNLTH(T)) _55095400540 L L MmN R 011100
540 CALL ERR(12) 01110
__550__ BUFFER OUT (8s1) (LARRAY(LOCBPB)sIARRAY(LOCEPR)) . .. . 01120
IF(UNIT(8)) 60095609560 01130
L ASIE O EICALL JERR TR T TR A e L LT L ML T e . . 01140
600  CONTINUE : ] 01150
. _CALL TRIALS T s L T LIS I N 8 01160
CALL SECOND(T) g 01170
 WRITE(LUNOs100) TeNAMES(®) ___ . . . _ .. 01180
T=TIOCALL (X) i E 01190

o . WRITE(LUNOs110) TeNAMES(6) . e 01200
END 01210
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FIGURE B-1 (cont'd)
€ Y
. SUBROUTINE BATTLE . _ e e Bl ; 00110
. c ovleo
C...._ _ /BAYTLE/ COMPUTES THE ReSULTS OF A ONL=STAGE ENGAGEMENT 90130
c BETWEEN SPECIFIED NUMBEKS OF BLUE AND RED GROUND AND AIR 00140
Gk FORCES ALLOCATED TO MISSIONS ACCORGING TO SPLCIFIED 49, 00150
| c STRATEGIES. 00160
/A ST 00170
COMMON ZINPUT/ IMISS (896921 9 IGRID(1194421 9LASTPeNALOC(894) 00180
1 __INFRAC (4¢2) yNSHL (2) sNSTAGE yNOAPST ¢ CASF (492) s IPRINT (81 A 00190 ]
LITITLE(6) sVALU (492) sPKBD (4eb92) sPKBOES (49692) +XGRID(110402)y 00200 !
R lPKAD(‘n‘opZ)oDKAULS(‘u‘nE)cPKHA(‘n‘nZioPKAA(‘M‘nZ) L - 00210
IPKESBD(hﬂnZ)cPKESAD(‘u’uc’)cPKSH(ln?)oPKNS(luZ)oRElN(‘anlOO)o 00220
_IWGHT(10002) 9 XSORT (Be492) oNDIV(2) 9 OWGHT (S} sNRSAM(Z) oNFSAM(2)y 00230
| LIPKRS (4492) oPKFS(%92) 9 ABAF (8.‘"2)oDlVFP(2)oPKSAFS(‘HZH 00240
f  1PKAAFS(492) sPKAARS (492) yPKAEFS (692) s PKAERS (4,2) s PKREFS(492)s 00250
1PKFAF5(4.2).pKnAFS(a.z).PKRARS(a.z).orpaeu(a.ep.raaAlz.za». 00260
o _IREINF(4y2+100) 00270
COMMON /WORKN/ NTYPE(Z)oNHlSS(“.Z)cNHlSST(Z)cNGRlD(koZ)c 00280
LIBLURD (27 yNSTRAT (442) sNFULST (2) sNSTAT o NINGAMe IMPNT (3252) 9 00290
LITPNT (3792) ¢ IDEM(B) oNSTRTC (21 o IRA(100) s JRA(100) sLUNISLUNO 00300
INWORKsNSTAT2« ISINT (500922 o IDENT(10002) s INPNT(3202) . 00310 _
1 COMMON /WORKL/ LOCST(bOOcZ)oLOCBGoLOCEG.KUCHGoKOCEG +LOCBVRY 00320
; 1LOCBVBsLOCEVRsLOCEVBsLOCBPRsLOCBPBsLOCEPRLOCEPRY PSS S | 1]
N 1Kocava.xoccva.Kocavn.xoccvn.Jocsva.JOCtvn.JOCEVR-JOCEVR. . 0034t
) o 110CBVBsIOCEVHsIOCBVReIOCEVR .. .. .o = - .. ... 00350
c 00360
§ S = o e e (b, A ANTICU S R i (et — TR P () (.3 (0
¢ CODES FOR AxR MISSIONS : 00380
e i e T e raomy b ey L CRE - TN R
c 1 = CAS 00400
! 25 ML el e i &% P R R e 00410
c 3 - 80 00420
_C e AR L k. g e S ol S 1 . 00430
c S - CAS ESCORT 00440
——e . 16 EUABASESCORT I A iy . 00450
c 7 - FORWARD DEFENSE SUPPRESSION | 00460
e B = KEAR DEFENSE SUPPRESSION .. . . . - A& 00470
c 9 - NOTHING 00480
et G il g S g ol T et A R A ey T LT L 00450
Cc 00500
e _COMMON /WORK/ XARRAY(25000) - . : I e il s 00510
. DIMENSION IARRAY(}1) - 00520
—— — EQUIVALENCE (XARRAY s IARRAY) = L, A 00530
COMMON /BPARM/ CNP(442) s 1BR (2) s XNP (996492) s OBJEC (2¢5) 00540
e DIMENSION TNP(9s2) sREMP (%4219 TCASO(2) s TOTFP (2) yRE SAM(2) yRRSAM(2) 00550
DIMENSION YNP(9+492) s TFIRE (2) 9CASO (2) yCNPV (&) ) 00560
—  _DATA(XNPET2(0e)) s (YNPET2(0s)) e el e 00570 :
TMOVE=0, i . 00580
(RN PO CCE R et L e N e - 00590
TCASO(K) =0, 00600 -
__TOTFP(K)®0, .- L - 00610
RFSAM (K) =NFSAM (K) 00620
- —__ RRSAM(K)=NRSAM(K) _ _ 00630 ;
50 CONTINUE 00640 -
.. DO 900 Nm)}sNDAPST ___ S = N, TR = 00650 &
; XMOVE=0, 00660 '
{ 2o w0 1ok weias . . ] " = 00670
DO 100 K=1+2 00680
iy . AT et B L E T e e b e b (L L : 00690
B |
3a B-8
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FIGURE B-1 (cont'd)

CONT INUE
DETERMINE NUMBER OF SORTIES ALLOCATED 10 EACH MISSION

DO 110 K=1e2
CASO(K)=0,
YFIRE(K)'NDIV(K)'DIVFP(K)
JUPSNMISSTI(KY - - . -
1ST=]18R(K)
JSTaLOCST(ISTeK) =) ——— -
DO 110 I=1l+1UP
o _—]ST=])STe] 2! o
LeINPNT(]I+K)
e . MEIMPNT (I eK) = e
JEITPNT (1K)
e XNP (M JoK)=XARRAYCIST)’CNP(JOK)’XSORT(LOJOK) A L
YNP (Mo JoK)=XNP (Mo JoK)
mm—— TNP(M.K)‘TNP(M.K)OXNP(HOJQK)
.110 CONTINUE
=~ TN e
Cc
. C...... _ ..BATTLE ASSESSMENT

c

DO 200 Kule2
L=3=K
XFSAM=RFSAM (L)
e XRSAM=RRSAM(L)- - -
IHIIINTYPE(K) ’
P T L Iy V- - P N ¢
(o FORNARD SAM SUPPRESSORS VS FORHARD SAMS
O — e e ST RN T TR | T ey ! e
IF(XFSAM .EQ. 0.) GO TO 125
o nede e GUMEED L e e e R i oe o e e R SR SR

DO 115 I=lslHI)

_SUMSESUMS e XNR (To IoK) #PKFS(lobL) - —- - RNV e || (T

115 CONTINUE

RFSAM(L) =XFSAMSEXP (=SUMS/XFSAM). .. .. . . - ; ol

c
—C——— FORWARD..SAMS_VS.FORWARD SAM SUPPRESSORS

c

XOPP_ STNP(ToK) o = — - —oe-
IF (XOPP +EQe 0o) GO TO 125
. XNENG=AMINL (XOPP¢XFSAM)
RO=XNENG/XOPP .
e AR D TR I < e it e s e
ANPS2XNP(T o I4K)
. _XN=RO®XNPS*PKFAFS(IsK)
XNP(ToIoK)ZXNP (7ol oK) =XN
R CONTINUE e e e oo
[of .
6 _____REMAINING. FORWARD SAMS VS REAR SAM SUPPRESSORS ... _
c
— 125 - XOPP=TNP(B¢K) . — - o e b
IF (XOPP +EQ. 0.) GO TO 200
o XFSAMSRFSAM(L) .__.
LF (XFSAM .EQ. Oe) GO TO 160
XNENG=AMINL (XOPP o XF SAM)
RO=XNENG/ XOPP
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FIGURL B-1 (cont'd)

DO 130 I=lelnll
XNPS=XNP (BelyK)
XN=RO®XNPS®PKRAFS (] 1.9
XNP(8¢1¢K)=XNPS~XN
XOPP=XOPP=XN

CONT INUE

REMAINING REAR SAM SUPPRESSORS VS REAR SAMS
P A T H
IF (XOPP oLE. 0.) GO TO 200
140 IF(XRSAM +EQ, 0.) GO TO 155
E SUMS=0.,
DO 145 I=lsIHIL

SUMS=SUMS+XNP (8 1¢K) #PKRS (I L)
__ 145 CONTINUE . . i

RRSAM (L) =XRSAM#EXP (=SUMS/XRSAM)

P ook = 3= =
c REAR SAMS VS REMAINING REAR SAM SUPPRESSORS

XNENG=AMIN1 ( XOPP ¢ XRSAM)
ROEXNENG/XOPP. . . o
00 150 I=lsIHIL
L XNPSEXNP (Bl e -~
XN=RO®XNPS®PKRARS (14K) .
 _XNP(BelsK)=XNPS=XN ..
" XOPP3XOPP=XN
o 150-.— CONTINUE o oo oo
c
e | o S
c :
o __IF(XOPP .LEe 0.) GO YO 200 _ . N A5V 0y TR
155 IF(XFSAM +EQ, 0.) GO 10 200
XNENG=AMIN] (XOPP s XF SAM)
RO=XNENG/ XOPP
D0 160 I=IsINII PR o S SN . SESb S
XNPS=XNP (841 oK)
e __XNERO*XNPS®*PKRAFS(]¢K)
XNP (841 0K) SXNPS=XN
——260-— CONTINUE - —-- — i
200 CONTINUE
R o
DO 700 K=ls2
____-__.__.L-:;-K._, R N e
IHILaNTYPE (K)
IHI2=NTYPE(L) - - = -
XFSAM=RFSAM (L) :
e XRSAMERRSAM(L)— - ———

C
-G - FORWARD -SAMS VS .CAS F.SCORTS

c

o e AR ROLETS L el ot
XATT2TINP(SsK) '’

e XOPPZTNP (3oL ) —mmem e e oo
IF (XATT +EG. 0.) GO TO 310

o _IF(XFSAM JEQ, 0e) GO TO 250
XNENG=AMINL ( XAT T s XF SAM)
CROEXNENG/AATT— Comimm ooimme o= mem oo
Do 225 1=l+1nKIL

e XNPSZXNP (SS9 eK) e — -

A
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FIGURE B-1 (cont'd)

XN=RO®XNPS*PKBEF 5(]+K)
ANP {Se]eK)=XNPS=XN
XKATTSXKATT=~XN

CONTINUE : e il by

CAS ESCORTS VS. 80

IF{XATT JLE. 0o) GO TO 310
IF (XOPP .EQ. 0.,) GO TO 310
. KNENG=AMIN1 (XATT9+XOPP)
RO=XNENG/ XOPP
ROA3RO/XATY =
RO1=] «=RO
00 300 I=IsIHll
D0 300 J=leIMI2
XNPSB2XNP{SeleKi _ __.
ANPSR=XNP {39 Jol)
XN=XNPSB¥*XNPSR*ROA
XNP{Ss 19K)ZXNPSH=PKESBO(JelsK) #XN
o XNP{3sJeL)3ANPSR=PKBOES{IeJeLl)®XN
300 CONTINUE
—310__.D0 350.Js=lelHI2. . . . Catably e
REMP (JsL)®sYNP (39JsL) *ROL
MG Coe | IGT Ty FE e T . S, TSR 3
[« )
e Co——"l ._ FORWARD SAMS VS CAS. .. . _ . ..
C

e KATTIXOPPRRO —~ — e - - e e e
KGPP’TNP(I.K)
SIS LS RAT (o) (it ) (TSR
IF {XOPP .EQ. 0.) 60 Y0 410
IF(XFSAM oEQ, 0.)-GO YO 370
XNENG=AMINI (XOPP s XFSAM)
.— ROEXNENG/XKOPP . - —
00 360 IslylHll
e XNPSEXNP (leleK) ..
N'RO'KNPS‘PKBAFS(I.K)
e XNP {1 2 J oK) SKNPS=UN .. -
YNP(loloK)SXNP(L9]eK)
XOPPaXOPP=XN
360 CONTINUE
2. L S Y N
C 80 NOT ENGAGEO VS CAS
el AR, = o 5 B
IF({XOPP +LEs 04) GO 10 410
_.370_. IF(XATT +EQ..0,) GO YO 410
g XNENG=AMIN] (XATT+XOPP)
— .. ROSXNENG/XOPP.. . . .
ROASRO/XKATTY
—— RO1=31.=RO e e L
00 400 I=l+IHI]
DO 400 J=lelHlE. . .
XNPSEXNP {1+]4K)
_ XNZREMP {JsL) *XNPS®ROA .
XNP‘3OJOL)’XNP(JOJ.L)'PKBD”OJOL).XN
e _XNP(ls)sK)=XNPS=PKBALJeIoK)I®KN o
400 CONTINUE

Bt gy > TS e

c ACCUMULATE CAS ORONANCE DELIVERED BY CAS NOT ‘ENGAGED
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FIGURE B-1 (cont'd)
5 °
E | ey 3 &S R ol P Sy Ay 02470 g
E | 410 00 420 I=1.IHIl 02480 3
E | . XNPCaYNP(lslI,K)®RO1 : : s s 02490 :
2 ! CASO (K)=CASO (K) ¢ XNPC#CASF (IsK) 02500 .
E | S TFIRE(L)=TFIRE (L) -XNPC#DFPRED (1sK). SR S SRS 02510
E 420 CONTINUE 02520
E | B e S T S P 02530
: ; c FORWARD SAMS VS ABA ESCORTS 02540
E | | SLnesae Sl A R D e e S e e o U T e 02550
| i ROl=1. 02560
g T e ARTRINPAGNK) T D L e o e 02570
: XOPP=TNP (4sL) 02580
E | s ____ _IF(XATT +EQe. 0o) GO TO 540 Bl : oheE TR s e T e 08590
B | IF (XFSAM EQ, 0s) GO TO 470 02600
{ . XNENG=AMINL (XATTsXFSAM) J S e e e R S R e 02610
| RO=XNENG/XATT. 02620
; . DO 460 I=lsIHIl _ SR e e D e L e 02630
L | XNPS=XNP (691 ¢K) 02640 :
; XN=RO®XNPS®PKAEFS(ReK) _ . Vi e L 02650 B
‘ XNP (69 19K) ZXNPS=XN 02660 o
’ | R XATTRNATTSANS g i e e e 02670 :
| | 460  CONTINUE 02680 4
{ | c b G s St 0 i = 2R 5 02690 ;
= { c REAR SAMS VS ABA ESCORTS 02700
; t e Ge S OB R e __e2n0
3 v 470 IF(XATT oLEe 0o) GO TO 5S40 : - 02720 &
‘ _IF(XRSAM .EQ. 0,) 60 TO 490__ . AR e __ e2r30 3
XNENG=AMINL (XATT 9 XRSAM) 02740
e RGeANERG/XARE U s i e o s ot e 021750
DO 480 1=1¢IHI1 02760
. _XNPS3XNP(6eIeK) 02110
XN=RO#*XNPS®*PKAERS (1 9K) 02780 4
 XNP(6eIsK)=XNPS=AN_ . i 8 ... . %2190
XATT=XATT=XN 02800 :
_ 480 _CONTINVE_ ___ S : 02810 E
4 c 02820
g e  ABA_ESCORTS . VS_ABD_ . e —— 02830 3
4 02840 e
E | S _ IF(XATT oLEe 0¢)_GO TO 540 ___ o 102850 :
{ 490 IF(XOPP +EQ. 0s) GO TO 510 02860 2
 _ XNENG=AMIN1 (XATTeXOPP) . . . . - - . e et 02870 .
RO=XNENG/XOPP 02880 :
___ROASRQ/XATT__ : 02890 _
RO1=1.-RO 02900
Bl polB00 RS INIY L s T e e e i 02910
D0 S00 J=1s1HI2 02920
XNPSB=XNP (691 9K) 02930
XNPSR=XNP (49 JsL) - 02940 ;
' -—-‘——-—anaxupsangpsn-Roavu.-._.._u_.._-__~.mn_-w_.____.____n—.___-_m_-._.,-ozeso
- XNN=PKESAD (Jy I oK) @XN : 02960
- o XNP(69IsK)EXNPSB=ANN- o e e - : ST o e 02970 -
3 XATT=XATT=XNN 02980 ¢ k
3 o XNP(&4eJsL)=XNPSR=PKADES (IsJsL)*XN : ot S 02990 3
; 500 CONTINUE 03000
o R T h U L o o s W g 03010
(4 FORWARD SAMS VS RETURNING ABA ESCORTS 03020
. i M R R A U e SO e D e e e i s 03 030 ‘
j 510 IF(XATT «LE. 0e) GO TO 540 03040 o
é L e IF(XFSAM <EQ.-0e)-GO.TO 540 — -~ — - -— — - —=- o ————- 03050 :
| 3
k| . i
1 B-12 ;
‘ 3
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FIGURE B-1 {(cont'd)

XNENG=ZAMINL (XATT 9 XFSAM)
RO=XNEMNG/XATT
Do 520 I=1l+InIl

o T XNPS=XNP (601 4K)

XNP (691 oK) sXNPS=XNPS*RO®PKAEFS (1K)
... 520 CONTINUE :
540 DO 550 J=lslnl2

i e RE“P(JOL)‘YNP“'JOL)?RO! -
550 CONT INUE

RO - s DNEle e 27N
C FORWARD SAMS VS ABA

—— e — =¥ gt o] SR e, i [o

XATT=XOPP*RO])

i — - XOPP=ETNP (29K) -

ROI=1.

e - IF (XOPP «EQs 0e) GO TO 640 .
IF (XFSAM +EQ, 0s) GO TO S70
XNENG=AMINI (XOPP o XFSAM) .. -
RO=XNENG/X0PP
DO 560 I=leINIl .
XNPSEXNP (291 4K)

o —XN=RO*XNPS®*PKAAFS (I +K)

XNP (241 oK) EXNPS=XN
" YNP(ZOIOK)'XNP(ZQIOK).—4.4..._.
. XOPP=X0PP=XN
560 _CONTINUE - .
C
_ C-.—_  REAR SAMS VS ABA .
c
e _IF(XOPP oLEe.De) GO TO 640
570 IF (XRSAM EQ, 0.) GO TO 590

o XNENG=AMINI(XOPPsXRSAM) . . _.
RO=XNENG/ XOPP

e DO 580 I=lsInll

b XNPS=XNP (291 4K)

e KNE=RO®*XNPS®*PKAARS (1 9K)
XNP (241 +K) EXNPS=XN

e YNP (241 eK)SXNP (201 9K) . —
XOPP=xX0PP=~XN

--—-580 CONTINUE - -— - T R

C
eoC——\. .. ABD NOT.ENGAGED.VS..ABK

c
Y _IF(XOPP +LEs 0.)_GO TO 640
590 IF(XATT +EQe 0.) GO TO 610
e XNENG=AMIN]1 (XATT 9 XOPP)
) RO=XNENG/ XOPP
Ll ROASROVZKATT. oo
ROl=),-RO
00 600 I=IsIni) . L
D0 600 J=lsln]2
XNPS=XNP (291 ¢4K) _
XN=REMP (JoL ) *XNPS®ROA
XNNPKAA (Jel oK) *XN
XNP (291 9K) ZXNPS=XNN
- _ KNP (G JeL)SXNP (49 JeL) =PKAD (L1 9JoL) #XN
XOPP3XOPP=XNN
—-600  CONTINUE e ) e
c )
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FIGURE B-1 (cont'd)

c FORWARD SAMS VS RETURNLING ABA
c
6l0 IF(XOPP +LEs 0.) GO TO 640 e
IF (XFSAM JLE. 0.) GO TO 640
———— XNENG=AMIN] (XOPP s XF SAM)
RO=XNENG/ XQOPP :
e — -~ DO 620 1=19IHIL Ll L5
ANPS=XNP (29[ ¢K)
__.XNP(ZoloK)!XNPs—KNPS'RO'PKAAFS(IoK)
620 CONTINUE
—-640_-_D0 650 I=leIHIl — - —— g g 0
REMP (1K) =YNP (29 [oK) #RO1
——650 CONTINUE . . s
700 CONTINUE

o oafees. .
c COMPUTE AIRCRAFT ON 'GROUND KILLED BY ABA NOT ENGAGED

el el
DO 800 K*loZ
R i i W
I1HI1=NTYPE (K)
IHI2aNTYPE(L) - —
ATTK=0,

—————TARG=0,
SUMS=0,

— SUMN=0, . e

DO 715 J=1ls1lHI2

. JUP=NMISS(JeL) . ..
CNP (JoL ) =0,

- - CNPV(J) %06 -
DO 710 M=ls1UP

ke Tha o IMEIMIBSS (ML), o —=f e s

CP=XNP(IMsJsL ) /XSORT (My JoL)
___CNP(JeL)=CNP(JobL)eCP_
CNPV (J) =CNPV (J) «CP*ABAF (M) Jeb)
—— 710 _ CONTINUE.
TARG’TARGOCNPV(J)
715 _ CONTINUE _ _

IF (TARG +EQ. 0.) GO T0 800
_NTARG=TARG
TARGS*AHINO(NSHL (L) ONTARG)
__TARGN=NTARG=YARGS ___ . . ..
RS=TARGS/TARG
e RN =RS . L o= s T
DO 720 l=leIHil
e . CP=REMP(IK)
ATTKaATTKeCP
_SUMS=SIUMS+CP#*RSEPKSH(1yL)
SUMN=SUMN¢CP#RN4PKNS (1L )
__220_.  CONTINUE i = S
IF (ATTK +EQs 04) GO TO 800
e TSNK=0,.
LF (TARGS oEQ. 0.) GO TO 730
o _TSNK=TARGS®*EXP (=SUMS/TARGS)
730 TNNK=0.
. _ 1F(TARGN .£Q, 0.) GO TO 740
TNNK"ARGN'EXP(’SUMN/TARGN)
740 _ FREl.=(TSNK¢TNNK)/TARG

DO 750 J=lslKI2
sl gl CNP(JoL)ZCNP (JoL) ~CNPV(J) *FR __ ’
750 CONT INUE
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FIGURE B-1 {cont'd)

800 CONT INUE Q4250
DO BOS K=142 04260
= -y TCASO (K) =TCAS0 (K) ¢CASO (K) R . oA e A e 04270
805 CONTINUE 04200
; - BTFP=AMAXL (0, TFIRE(I)) 04290
RTFP=AMAX1 (0, TFIRE(2)) 04300
- TOTFP(1)xTOTFP(1)+BTFP+CASO(1) g : e HT P, 04310
TOTFP (2)=TOTFP(2) ¢RTFP+CASO(2) 04320
e — -~ IF(FEBA{Lv1) oEQe =1s) GO TO 900 : E 04330
FRATIO0=100. 04340
— - IF(RTFP +EQ. 0s) GO TO 810 R, = 04350
FRATIO=BTFP/RTFP 04360
— . IF(FRATIO «GT. 100,) FRATI0=100. L - 04370
60 TO 815 04380
——810 - -IF(BTFP «EQ, 04) FRATIO=1.0 ! R S - 04390
815 DO 820 1=2+28 1 04400
e — - IF(FRATIO «LE. FEBA(1,1)) GO TO 830 .\ ol Ll 04410
820 CONTINUE 04420
—_——— GO TO 850 . .. e . . : 04430
. 830 XMOVE=FEBA(2,1=1) ¢ (FRATIO=FEBA(191=1))* (FEBA(2¢1)~FEBA(Zs1=1))/ 04440
T BAFEBACE 1) =FEBA UL Lo b)) et e el o S e o A ER SRS . 04450
850 TMOVE=TMOVEeXMOVE : 04460
—B0@: . CONTINUE & ot mlr— e e o b o o g i Sl 2 04410
« \ C _ 04480
e G ——-ASSIGN- OBJECTIVE FUNCTION VALUES - - - -—-com — F 04490
1 c 04500
== Wale S DO ' PR0= KB R et o ;eI HLLE 5B ¥ Lt 04510
1 OBJEC (K¢ 1) =TCASO(K) 04520
— - OBJEC (K9 2)ETOTFPAK) - o o o it ol AL A L lmmiad . (04530
920 CONTINUE 04540
e _OBJEC(193)2TMOVE/2 ¢—— - . i SN Jt o A Cwags _ SSeT WP R e pmie U 04550
0BJEC(293)=~0BJEC(1+3) 04560
e RETURN. - =C s = g E0 | S e 04570
END 04580
{

——— . SUBROUTINE BETAS - B T R T e Al T T 00110
c ' 00120
—C—— .. —— /BETAS/ COMPUTES THE WEIGHTS USED FOR LINEAR INTERPOLATION ... 00130
1 c BETWEEN GRIO POINTS IN THE STATE SPACL. = ’ 00140
e R ER B e i g b s . 00150
COMMON ZINPUT/ IMISS(8+492) 9 IGRID(1194+2) sLASTPINALOC(844) 00160
— INFRAC (492) sNSHL (2) yNSTAGE sNDAPST9CASF (492) s IPRINT(8) 0 ... 0010
LITITLE(6) s VALU(%92) sPKBD (49492) sPKBDES (49692) 4 XGRID(119492) 00180
- = IPKAD(4s%s2) sPKADES (494+2) sPKBA (494 s2) sPKAA(Ls492) s =i . 00190
IPKESBD (49%492) sPKESAD (49402) sPKSH{492) sPKNS(492) yREIN(4929100) 00200
o IWGHT(10092) sXSORT (B4442) yNDIV(2) 9OWGHT (5) sNRSAM(2) +NFSAM(2) 9 00210
1PKRS (492) syPKFS(492) s ABAF (89492) sDIVFP (2) yPKBAFS(492) 9 00220
4 o IPKAAFS(492) sPKAARS (492) sPKAEFS (492) yPKAERS (492) 9PKBEFS(442) s 00230
IPKFAFS (492) sPKRAFS (492) yPKRARS (492) s DFPRED (492) sFEBA{2428) ¢ 00240
— __JREINF(492+100) - —_ .. i el s v N e 00250
COMMON /WORKN/ NTYZE (2) oNMISS(492) sNMISST (2) ¢NGRID(442) » 00260
o 11BLURD(2) sNSTRAT (4¢2) sNFULST (2) yNSTATyNINGAMy IMPNT (32+2) ¢ . 00270
IITPNT(3292) s IDEM(B) sNSTRTC(2) s IRA(100) y JRA(100) sLUNIsLUNO 00280
e . INWORKsNSTAT2,1SINT (500+2) s IDINT(100+2) ¢ INPNT (32+2) e = 1100290

|

‘1 B-15
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FIGURL B-1 (cont'd)

COMMON /WORKL/ LOCSI(SOOoZ)oLOCHGoLOCEGQKOCHGQKOCEGvLOCIVRg
lLOCBVBvLOCEVR-LOCEVBOLOCBPRoLOCBPBoLOCEPRoLOCEPGo .
lKOCBVBoKOCCVHoKOCBVR'KOCEVROJOCBVBoJOCEVBgJOCBVRoJOQEVRo

. 110CBVBsIOCEVRsIOCHVReIOCEVR

COMMON /BPARM/ CNP(B)vIBolRoXNP(9o402)vOiJEC(ZoS)

COMMON /INTERP/ BETA(Z.B)oIB@TA(ZoS)gNDEX(@)olHl(S)

DIMENSION YGRID(I1+8)

EQUIVALENCE (XGRIDsYGRID) —

D0 200 K=]1.8

... DO 100 M=24II .. .. . k2

IF(CNP(K)=YGRID(MsK)) 15001509100

— 300 CONTINUE e M e .
M=]1]
150 NaM=1
IBETA(I¢K)=N-1
e - 1BETA(29¢K) zM=]) .

DIFSYGRID(MeK)=YGRID(NyK)

. _ .. IF(DIF +EQ. 0s) GO TO I75

BETA(IoK)*(YGQlD(MoK)'CNP(K))/DIF

. .. GO TO 190 Ritdons [ phaiis ol gl
175 BETA(leK) =],

e . IBETA(29K) =0
190 BETA(Z!K)‘I.-BE!A(IOK)

——-200.— - CONTINUE e i

IF(IPRINT(8) (EQs 0) RETURN

—— NRITE(LUNO+900). IBETA -
900 FORMAT (/9+8H IBETASSQZ(BISIBX)
 WRITE(LUNO»910) BETA - n
910 FORMAT (7TH BETAS®+2(8F5,2/7X))
e RETURN.- e . .o
END

e _SUBROUTINE ERR(K) — . R, s me NS S
c
G /ERR/_1S CALLED TO PRINT A DIAGNOSTIC OR ERROR MESSAGE «
g - c £
L _COMMON /INPUT/ IMISS(By492)9IGRID(11s4+2) sLASTPINALOC(Bs4)y _
INFRAC (492) sNSHL (2) sNSTAGE sNDAPST 9 CASF (492) o IPRINT(B) 9
o VITITLE(6) sVALU(492) sPKBD (494+2) yPKBDES (49492) 9 XGRID(114492)
1PKAD (49492) yPKADES (494+2) sPKBA(44442) 1PKAATGs402) 9 T

o 1PKESBD(4+492) yPKESAD(4+492) 9PKSH(492) yPKNS(492) sREIN(442,100) s
JWGHT (10092) s XSORT (819492) sNDIV(2) 9OWGHT (5) sNRSAM(2) W NFSAM(2) »
L1PKRS (492) o PKFS (492) s ABAF (B9492) »DIVFP(2) s+ PKBAFS (492)
1PKAAFS(492) sPKAARS (492) yPKAEFS(492) sPKAERS (442) 9PKBEFS(492) o

o 1PKFAFS(492) sPKRAFS (492) +PKRARS(492) +UFPREV(4+2) sFEBA[2428) 9
IREINF (4924100} = y i 1
_COMMON /WORKN/ NTYPE (2) sNMISS (492) s NHISST (2) sNGRID (492}
IIBLURD (2) +NSTRAT (452) oNFULST (2) yNSTAToNINGAM, IMPNT (3242) o

 LITPNT(32+2) +IDEM(8) sNSTRTC(2) s IRA(100) 9 JRALI00) sLUNIsLUNO)
INWORK s NSTAT2, ISINT(50042) » IDINT (10092} o INPNT(3292) '

.. COMMON /WORKL/ LOCST(500+2) sLOCBG+LOCEGsKUCBGsKOCEGILOCBVRY
1LOCBVB sLOCEVR +LOCEVBsLOCBPR¢LOCBPRILOCEPRILOCEPSY

o IKOCHVBsKOCEVSsKOCBVRyKOCEVR+JOCBVB 9 JOCEVE+JOCBVRJOCEVR Y
110C8VBs IOCEVBI10CBVRe IOCEVR . j '
COMMON _/ERROR/_IERR ____ .
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FIGURE B-1 (cont'd)

DIMENSION 1MESSG(6+30) ¢ JERRDR(3) ¢ IETYPE (30} 00340

N . DATA(IMESSG=180(1H )) 3 00350
DATA (IERROR=]0H®*# & [NFO®#¢ 4] 0H#®2ERROR®S ¢ JUH®# 0 ABORT S ¢) 00360

. DATA(IMESSG(1e1)=31HRUN ABORTED DUE TD FATAL ERRORS) . 00370

DATA ( IMESSG (1+2)=23HDATA CARUD KEY NOT RECOGNI1ZED) 00380

i  DATA(IMESSG(1+3)=45HTOD MANY PURE STRATEGLELS TD ME STORED IN CORE) 00390
DATA (IMESSG (194)=41HTO0 MANY STATES YO STURE VALUES AND PLAYS) 00400

o _DATA(IMESSG(]+5)=43HNOT ENOUGH COMMOM AREA TD STURE GAME MATRIX) 00410
DATA (IMESSG (1+6) 44HBUFFER OUT ERROPR TO TAPEL IN SUSROUTINE INIT) 00420

3 _ DATACIMESSG (1e7)®40HUSER REQUESTED ONLY A DATA CHECK AND T1H) 00430
DATA(IMESSG{5¢7)=10HE ESTIMAIE) 00440

5 DATA{IMESSG(1+8)=40HSUM OF SPECIFIED ALLOCATIONS EXCEEDS 1.0) 00450
DATA (IMESSG (1+9) 32HSMALLEST GRID LEVEL MUST BE (ERO) 00460

L DATA(IMESSG(1910)=40HBUFFER IN ERROR FROM TAPE] IN SUBRDUTINE) 00470
DATA (IMESSG(S910)=6H GAMES) 00480

o DATA(IMESSG(I+11)=41HBUFFER OUT ERROR TO TAPE4 IN MAIN PROGRAM) 00490
DATA (IMESSG (1+12) 241HBUFFER OUT ERROR TO TAPE7? IN MAIN PROGRAM) 00500

o DATA(IMESSG(1913)=41HBUFFER OUT ERROR TO TAPE8 IN MAIN PROGRAM) 00510
DATA(IMESSG(1914) =40HBUFFER IN ERROR FROM TAPET LN SUBROUTINE) 00520

e _ .DATA(IMESSG(S9e14)=7H TR1ALS) . 00530
DATA(IMESSG(1915) =40HBUFFER IN ERROR FROM TAPEB IN SUBROUTINE) 00540

e DATA{IMESSG(5915)=7H TRIALS) st e a i L U= e _ 1005010
DATA(IMESSG(]916)=33HRUN CARD MUST PRECEDE TRIAL CARDS) 00560

o _DATA(IMESSG(1+17)=38HTRIAL CARD IGNORED == INCORRECT FDRMAT) 00570
DATA (IMESSG(1918)=40HTRIAL CARD IGNORED == T0O MANY STAGES RE) 00580

DATA (IMESSG(Ss18) =7THQUESTED) . 00590

- DATA({IMESSG(1+19)=40HTRIAL CARD IGNORED == TDD MANY PLANES OF) 00600

e _DATA(IMESSG(S+19)=19H DNE TYPE SPECIFIED) - - UL T T RS 1) )
DATA (IMESSG (1+20)=40HDISK 170 ERROR ON TAPES IN SUBROUTINE TR) 00620

e ———DATA (IMESSG(5920) =4HIALS) = : . 00630
DATA(IMESSG(1+21)240HBUFFER OUT ERROR ON TAPE9 IN SUBROUTINE ) 00640

e DATA(IMESSG (5921 ) =6HREADIN) . - i . } 00650
DATA (IMESSG(1922)=42HBUFFER IN ERROR FROM TAPE4 IN MAIN PROGRAM) 00660

oo DATA(IMESSG(1+23)240HIF ALL ALLOCATIONS ARE SPECIFIED THEY HU) 07670
DATA(IMESSG(S+23)=13HST SUM TO 1.0) 00680

—— DATA(IMESSG(1924)=38H170 ERROR ON.TAPE10 IN SUBROUTINE IN1T) - -..0069%0
DATA (IMESSG(]1925) =40HSTRATEGIES NOT SPECIFIED THRU THE LAST S) 00700
e DATA(IMESSG(S+25)=16HTAGE OF CAMPAIGN) . L 00710
DATA(IMESSG (1926} =40HBUFFER IN ERROR ON TAPE9 IN SUBROUTIHE 1) 00720

— e _DATA(IMESSG(S926) =3HNLT) . P A ey e TR M 00730
DATACIETYPE=292¢6(3)92¢7(3)¢3(1)04(3)97(3)) 00740

=t JDERR=IETYPE(K) .. STl e e e T30, 5 =R Sy . 00750
WRITE (LUNOs100) 1ERRDR(IDERR) ¢ (IMESSG(I+K)2I®146) 00760
——300---FDRMAT(/91Xea100IXs6A104/) . iy S e A= 00770
IF(IDERR +EQ, 3) STOP 00780
e eI DERR SEQ I RETURN et i o T SRR R e AW . 00790
IERR=] ' ' 00800
———— T 4 {1~ ¥ o DR L = : . 00810
: END 00820
————— SUBROUTINE -GAMES -~ -~ - ——— -~ - - e e ] s 00110
c 00120

-~ € - -—-— /GAMES/ PERFORMS A DYNAMIC PROGRAMMING BACKWARD PASS 00130
C . COMPUTING FOR EACH STAGE AND STATE THE MAXKMIN AND MInMAx 00140
—— g ——--———— STRATEGIES AND ASSOCIATED OBJECTIVE FUNCTION VALUES FOw 00150
(o BOTH BLUE ANU RED, T > 00160

B-17
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FIGURE B-1 (cont'd)
" -
- . 00170
i COMMON /1INPUT/ lMlSS(Bo“oZ)olGRlO(llokoZ)oLASIPoNALOQ(Bo“)o 00180
! — lNFRAC(QoZ)oNQHL(Z)-NSIAGE.NUAPST.CASF(«.E)olPRlN!(B)o 00190 ®
llTlTLE(G)oVALU(hod)oPKBD(‘n‘ué).PK&OES(“.‘MZ)oXGRlO(llo‘nZ)o 00200
Aot ¥ 1PKAD (42%92) s FKADES (41442) sPRBA(41602) o PKAA(49442) 0 00210
lPKESBD(‘H‘OoZ)oPKESAD(‘n‘ooZ)OPKSH(QQZ)oPKNS(“oZ)oREIN(‘OoZoIOO)0 00220
= . 1“6”!(100.2)oxSORT(aohoa)oNDlV(Z)oOWGHT(S)oNkSAM(Z)oNFSAM(Z)o 00230
lPKRS(QoZ)oPKFS(“oz)oABAF(Bo“qZ)oOlVFP(Z)oPKBAFS(“oZ)o 00240
28 lPKAAFS(QoZ)oPKAARS(“oZ)oPKAtFS(hoZ)oPKAERb(OoZ)oPKBEfS(QoZ)o 00250
lPKFAFS(“oZ)oPKRAFS(“oZ)oPKRABS(ng)oOFPRED(“oZ)oEEBA(ZoZB)g 00260
e - 1REINF (4920109) 00270
COMMON /WORKN/ NTYPE(Z).NMISS(“-Z)oNMISST(Z)oNGRlO(“.Z)o 00280
o T llBLURD(Z)oNSTRAT(qu)oNFULST(Z)oNSTAToNlNGAMolMPNT(3302)g - 06290
IITPNT(JZoZ)oIDEM(B)oNSTRTC(Z)olRA(lOO)oJRA(lOO)oLUNIoLUNO! c0300
_emEs lNHORKoNSTATZ.ISINT(SOOoZ)olDlNT(lOOoZ)olNPNT(3292) 00310
COMMON /WORKL/ LOCST(SOO.Z)oLOCBGoLOCEGcKOCBG.KOCEGgLOCIVRg 00320
— ~—lLOCBVBoLOCEVRoLOCtVBoLOCBPRoLOCBPBoLOCEPRoLOCEPBo 00330
lKOCBVBoKOCEVBoKOCHVRoKOCEVRoJOCBVBoJOCEVByJOCBVRoJoctVRg 00340
-7—————~110CBVBo10CEVRolOCBVRolOCEVR gt i - 4 00350
COMMON ZINTERP/ HETA(248) o 1BETA(248) 919 JCeJ3eJ49J50J61J79J80 00360
IJNIIoJHlZoJH13oJNIa.JHlSoJHlb.JHlToJHlB B o Lt L . - 00370
| COMMON /1PARM/ DELTA(8) s JRETA(2¢89128) 9 XBETA(2,8012H)+1BIT(8) 00380
| . COMMON /ROUND/ JDEX(4:2+2) ; — - .3 00390
- DIMENSION MVEC(8) ¢NVECB) 00@00
-‘-EQUIVALENCE(HVECOJDEX(lolol))g(NVECOJDEXUQ!.Z)) Py =8 —- = Q0410
j COMMON /WORK/ XARRAY(25000) 00420
_DIMENSION JHI(B)oJVEC(B)oNDEX(B)oBMlN(SOO)oRMAx(SOO)olARRAY(l)._ .. 00430
\ DIMENSION 1VERT (6+256) 9 IBSINT(500) 9 IRSINT(500) 00440
— EQUIVALENCE (lSlNT(lol)olBSlNT)o(lSlNT(loZ)olRSlNT) AT 00450
EQUIVALENCE(XARRAYolARRAY)o(NDEXoJl)q(JHloJHll) 00460
—  __DIMENSION SEIN(Be100)«SEINF(84100) .. . . - SN | B T ey — 00470
EQUJVALENCE (REINeSEIN) ¢ (REINFoSEINF) 00480
e __..COMMON /TEMP/ lPPNT(B)oTElN(&)oTElNF(B)oNPTT L ed - 00490
DATA(JDEXIIB(O))o(JVEC=8(0)!o(JHllB(l))o(lVERTlZO“B(l)) 00500
. NPTTSNTYPE(]l)eNTYPE(2) 5 [ el = e Bk = e 00510
MPTT=NPTT i ey ¥ 00520
Mz4=NTYPE (1) 00530
DO 25 NN=14NPTTY 00540
e JHI (NN) =2 . - = UL o = L i 00550
N=NN 00560
o~ JF(N oGTe NTYPE(1)) N=NeM ! o - -y by 00570
IPPNT (NN) =N 00580
t —25-.— - CONTINUE o =N s Lo B et e g - 00590
IF (IPPNT(NPTT) +EQ. B8) MPTT=MPTT-1 00600
—omas 8 HENTEQ : St S AW o g s o, B g, b Al e 00610
00 S50 JB=1.JH18 i 1 00620
—e—— DO 50 UYTEleJH1IT — - ey = 2 : = E o 00630
D0 S0 J6=1eJHIG ) . 00640 °
e 2D 90— IBEL IS e o P S LA | o e IO 00650
D0 50 Jé=leJH14 00660
-D0. 50 J3=19eJH13_ Ty L e 11 i elia® [ g b 00670 _
00 Y0 J2=1+JHI2 00680
—— DO 50 Jl®leunll . L et B e S . 00690
ICNT=ICNT+1 00700 {
o= D0 50 NN=1eNPTT . = RV R N : 00710 !
1VERT (NN2 1CNT) aNDEX (NN) 00720 1
.50 — CONTINUE o Fk e Ty o P AR ST gy T > =% 00730 b
LPTT=ICNT 00740
e - IHIM=ENFULST(2) o ey SR B el S0 £ -ty =¥ 00750
- B-18
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FISURE B-1 (cont'd)

IHI2=1IHIL=1 : 00760
" THI3=NFULST (1) - | 00770
: 5 LVB=LOCBVB-1 00780
o . LVRZLOCBVR=1 . __.. - . 3 il ik SR gy 00790
| LPB=LOCBPB-1 00800
e - LPR=LOCBPR=1.. oo et e 5 ok ) U S T 00810
i KVB=K0OCBVB-~-1 - 00820
L2 AW KVRSKOCBVR=1 oo e e TR i, i : 00830
JVR=JOCBVB=1 00840
-, ] SR D CBMRE Ly =t - i s s o e e = e oA =y 00850
1vE=l0CBVB=~1 00860
. 1VR=10CBYR=-1 = gl P Rl L o R S ey T 00870
! DO 900 I=1+NSTAGE 00880
: e ... MSLOC=NSTAGE=1+1 .. A R e T L 00890
NSLOC=MSLOC+1 00900
o IDINTB=IDINT{MSLOCs1) _ o El) | ok T e R B e 00910
IDINTR=IDINT {MSLOCe2) 00920
_WGHTB=WGHT (MSLOCe1) _ __ 3O R YIS = D TP Ry 00930 i
! WGHTR=WGHT (MSLOC+2) . 00940 |
et e NNERINETT i bl ok 00950 7
NsIPPNT (NN) 00960 )
o _TEINF{(N)=SEINF{NsNSLOC) CTE T, DL o,
f TEIN(N)-SEIN(NoNSLOCl/DELTk(N)01.5 00980
5. .CONTINUE g I b 00990
REWIND 1 F _ _ 01000
;D0 B00G J=LeNSTAT TR T LR A L N,
IF(IPRINT(7) oNE. 0) WRITE (LUNO+80) MSLOCeJ 01020
B0 _FORMAT{/sTH STAGE=+13+3Xs6HSTATE®s13) ___ 01030
! BUFFER IN (1,1) (IARRAY{LOCHG)»IARRAY{KOCEG)) . 01040
___IF(UNIT (1)) 20001000100 inde __ 01050
100 CALL ERR{10) : 01060 |
Mo ¥ L S 01070 |
! c ‘COMPUTE lNTERPoLATED VALUES AND "PLAYS FOR EACH STATE 01080 | ‘
c L L e SR Sl ey R i
| 200 DO 210 K=lsIHI3 01100 ' i
S BMIN(K)=1.ElD.. . o e R S SR S SR T | persg * ! i
210 CONTINUE . T 01120 &
, PR B B RELa e oy v v e N e Y T 01130 ]
RMAX (K) ==1,E10 01140 5
220 _CONTINUE e 01150
I ICNT=0 01160 ’
; DO 400 K=LOCHGeLOCEGeIWXY. . _ TR 1) !
| ICNT=ICNT 1 i 01180 |
| IF(IBSINT (ICNT) .EQ. IDINTB) GO TO 300 : 01190 {
BMIN(ICNT)==1.E10 01200 |
e G0-T0 - 400 A . oS : 01210 _ i
300 IHI=KsIHI2 ! o1220 §
i 3 R e AE R — c rie: etmr 8 gy Syt e T oy e R e S 01230 i
DO 390 L=KeIHI - 01240 '
‘ i e B T ENTEICNT SN . s s . MR | 0 e e o =SR]
. IF (CIRSINT (JCNT) +EQe IDINTR) GO TO ‘305 : 01260
F 2 - RMAX(JCNT) %1 ELO- - — e . : - 01270
G0 TO 390 01280
-= 305 ---1WORD=IARRAY (L) e SRR s | ek 101290
JWORD=TARRAY (L +NINGAM) i 01300
o= DO 310 NNEL4NPTYT - - - - e = M S e N s e 01310
N=IPPNT (NN) 01320
»~——4«-~LEVEL8LBYT(IBIT(Nlo7oJN0RDl Rl S S R 1 S5 L PR e S 01330
|
|
- .
{
* B-19
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FIGURE B-1 (cont'd)

LEVEL=TEINF (N) *LEVEL ¢ TEIN(N)
IF(LEVEL oLT, 1) LEVEL=1
IFILEVEL oGT. 128) LEVEL=128
DO 310 M=192 ’
1BETA(MoN) =JBETA (MsNsLEVEL)
BETA (MsN) =XBE TA (MeNsLEVEL)
CONT INUE
10RJ=LBYT (31429 ¢ IWORD)
JOBJ=LBYT (1+29+ IWORD)
IF(LBYT (60 1+ IWORD) +EQ. 1) 10BJ==108J
IF(LBYT (301, IWORD) «EQe 1) JOBJ=-JO®
CHECKB=108J#WGHTB=JOBJ*WOHTR .
CHECKR=CHECKB
.00 340 LL=1eLPTT . - -
ALPHAZ1
DO 320 NN=LeNPTT-——
N=1PPNT (NN)
 M=IVERT(NNeLL) =
JVEC (N) sIBETA (MsN)
ALPHASALPHA#BETA (MsN)
CONT INUE
.~ 1F (ALPHA .EQ, 04) -GO TO 340
1STAT=JVEC(8) ¢ 1
DO 330 NN=LeMPTT - o e o
N=IPPNT (NN) : .
L ISTAT=ISTATeJVEC(N) SIDEM(N). . . —
CONTINUE
. CHECKB=CHECKB+ALPHA®XARRAY (LVB¢1STAT)
CHECKR=CHECKR + ALPHA® XARRAY (LVR*ISTAT)
~ CONTINUE ! . ;
IF (CHECKB +GE. BMIN(ICNT)) GO TO 35S0
BMIN(ICNT) =CHECKB. . . . .
IF(CHECKR oLE. RMAX(JCNT)) GO TO 390
T _RMAX(JCNT)=CHECKR. . . — == o =
390 CONTINUE
DT IR £ 11—
c
_ €.  STORE BLUES MAXMIN PLAY

c
. XMAXz=1,EL0 .
DO 410 Nx=1s1lHI3
e IF(XMAX +GE. BMIN(N).)_GO.TO 410
XMAX=BMIN (N)
oo -~ 1BPLAY=N
410 CONTINUE
. XARRAY(KVB+J)=XMAX
1ARRAY (LPB+J) =1BPLAY

STORE REDS MINMAX PLAY
AMIN=1.E10
D0 420 N=1sIHIL
LF (XMIN oLE. RMAX(N)) GO TO 420
AMIN=RMAX(N)
IRPLAY=N
CONTINUE
XARRAY (KVR+J) =XMIN
IARRAY (LPReJ) =IRPLAY. . . - -




-
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FIGURE B-1 (cont'd)

- € COMPUTE AND STORE MAXMIN FOR BLUE

—= - - ILO®LOCBGeIH]I*(IBPLAY=})
IHI=ILO+INII=]

e e . JCNT=0 P b o
XMIN=].ELO

eeee--DO 600 K=ILOGIHI ___ ! 4 :
JCNT3JUCNT+]

———~— -IFUIRSINT (JCNT) «NEe IDINTR) GO TO 600 gy W e
IWORD=IARRAY (K) i

ee o - JWORD=1ARRAY (KeNINGAM) . e Db e T e g b e
10BJ=LBYT (314299 IWORD)

e JOBJISLEYT (1 4299 IWORD) = = T e UESIT I 1
IF(LBYT(60914IWORD) +EQs 1) I0BJs=]108J

e IF(LBYT(30+19IWORD) +EQe 1) JOBJ==JOBJ | SR Ol
DO 510 NN=IsNPTT .

e e INSPRNTANND e o o Y SRS e vl | - !
Mu(N=1)/4+1

. e LEVEL=LBYT(IBIT (N) .o 79 JWORO) s R ST e ST e

LEVEL=TEINF (N) *LEVEL*TEIN(N)

IR (LEVEL bl -LEVELRD . .. . . .

IF(LEVEL «6T, 128) LEVEL=128

—— . MVEC(N)=JBETA(MsNsLEVEL) _ BNl St e ) ARG (e | et |

S1o0 CONTINVUE
e ISEISTATE (MVEC) e oo = mea o Seblla e e
/CHECK=10BJ%WGHTB=JOBJ*WGHTR*XARRAY (JVB+1S)
-__-_~_W‘JF(CHECK eGE. . XMIN) GO TO 600 5 - S TR
XMIN=CHECK
— 600 CONT INUE o =t F U S M W A S i B e e e o o
XARRAY(IVBOJ)'XHIN

o JF CIPRINT (T). oNEo 0) WRITE(LUNOy605) XMINsIBPLAY _ il 1

605 FORMAT (8H MAXMIN®sFI0.092XsSHPLAY=]13)

e e A d
c COMPUTE AND STORE MINMAX FOR RED
C

ILO=LOCBG¢ IRPLAY~]

e s [ A o3 TG o) LG {0 B e e S T e oy
ICNT=0

S e e e b g . T i e Pl AT
DO 700 K=ILO»IMIoIKIL

LTI E IENTSICNTS LG L 8 .2 ki - | | SRNEEL -, wo
IF(IBSINT(ICNT) oNE« IOINTB) GO TO 700

— . IWORD=JARRAY (K) _. T e AT BRI T ] F e S 3,
JWORD=JARRAY (KeNINGAM)

— . 10BJSLBYT (314299 IWORO) _ S5 LAY FIEY Mgl ” oy
JOBJ=LBYT (19294 IWORO) 3

———__IF(LBYT(60+14+IWOR0) .oEGes 1)} I0BYm=lOBY _ _ .~

. IF(LBYT(30+1,IWORD) +EQ. 1) JOBJm=JORJ ;

e LB, GO NIRRT o o a2 iy
N=IPPNT (NN) "

e _MME2=(N-1)/6 Ve v el WLy e

LEVEL=LBYT(IRIT (N)s79+JWORD)

LEVEL=TEINF (N) ®LEVEL*TEIN(N) _ T 55

IF(LEVEL +LT, I) LEVEL=I

e IF(LEVEL +6T. 128) LEVEL=}28 __ = _ mre
NVEC (N) =JBETA (MMoNoLEVEL)

— 610 .. CONTINUE Bl e LR EY L IFY P TN o SO
IS=ISTATE (NVEC}
CHECK=10BJ*WGHTB=~JOBJ*WGHTR*XARRAY (JVR¢1S)

01930
01940
01950
01960
01970
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
02130
02140
02150
02160

_.02110

02180

- 02190

02200

- %2210

02220
02230
0224¢C

. 02250

02260

~ 02210

02280

. 02290

02300
02310
02320
02330
02340
02350
02360
02370
02380
02390
02400

02410

02420
02430
02440
02450
02460

02470

02489
02490
02500
02510




FIGURE B-1 (cont'd)

GO0 70 700
XMAX=CHECK

T

XARRAY (IVReJ) sXMAX
1F (IPRINT(T) oNE. 0) URITE(LUN007OJ) XMAXs IRPLAY

FORMAT (BH MINMAX® 4F10092X 9 SHPLAYN9I3)

WRITE PLAYS AND VALUES UN RA MASS'STORAGE

02520
02530
02540
02550
02560
02si70
02580
02590
02600

. 02610

S
CALL URITMS(J.IARRAY(LOCBPB)oNSTATZoNSLOC)

————- - CALL WRITMS(?QIARPAY(IOCBVB)ONSTATZQNSLOC)
DO 850 J=]sNSTATZ

e . —-~ L ARRAY (LVB+J) =] ARRAY (KVB*J)
IARRAY (JVB+J) sIARRAY (IVB+J)

——850 - CONTINUE

—— —— _SUBROUTINE - INIV — o .

—-—/INIT/ ASSIGNS CCUNTERS AND POINTERSs COMPUTES THE PURE
STRATEGIES AND THE NUMBER OF STATESs AND COMPUTES AND STORES
ON MASS STORAGE -THE BATTLE ASSESSMENTS FOR EACH STATE AND
PURE STRATEGY COMBINATION.

e G e -

COMMON /INPUT/ IMISS(BQGOZ)olGRlD(lloﬁoZ)OLASTPQNALOC(BOQ)o
——4NFRAC(402)ONSHL(£)ONSTAGEONDAPST'CASF(QOZ)OIPRINT(B)O ik
IITITLE(G)OVALU(QOE)OPKBD(QQQOZ)!PKBDES(“O“OZ)QXGHID(lIOQOZ)O
e 1PKAD (494 92) sPKADES (404 ¢2) sPKBA(40402) sPKAA(G 94 02) 0 .
: IPKESBD(49492) s PKESAD (49 402)oPKSH(QoZ)oPKNb(QoZ)QREIN(QOZOIOO)O
———«——-JN0HT(10002)oXSORT(Bo“oZ)ONDIV(Z)oONGHT(S)ONRSAH(d)QNPSAN(Z)O
lPKRS(“OZ)OPKFS(“(?)OABAF(BOQQZ)OD{VFP(Z)OPKEAFS(402)0
——‘———-mlPKAAFg(QCZ)OPKAARS(Q'Z)OPKAtFS(“'Z\OPKAERS(“OZ)OPKBEFS(“'Z)'
IPKFAFS(QOZ)OPKRAFS(QOZ)OPKRARS(QOZ)ODFPREU(QOZ)OFEOA(ZOZB)O

e JREINF (4+2+100) .- .

COMMON /WORKN/ NTYPE(Z).N”ISS(“.Z)oNMlSST(Z)oNGRID(QoZ)O
IIBLURD(Z)ONSTRAT(QQZ)QNFULST(Z)ONSTATQNINGAMQIMPNT(3202)0
IITPNT(32+2) o JDEM(8) ¢eNSTRTC(2) ¢ IRAC100) s JRACIO0) s LUNISLUNOy
e _INWORK«NSTAT2,ISINT (50062) s IDINT(I0002) ¢ INPNT (3242)

COMMON /WORKL/ LOCST(500+2) ¢LOCBG+LOCEGIKUCEG KOCEGOLOCUVRO
ILOCBVBOLOCEVR!LOCEVBOLOCBPR!LOCBPBOLOCEPR’LOCEPB'
IKOCBVBOKOCEVHQKOCBVROKOCEVROJOCBVBOJUCEVGOJQCBVRQJOCEVRO
110CBVBsIOCEVR«10CBVR«IOCEVR

COMMON /WORK/ XAKRAY (25000)

e

—_——— -

DIMENSION KEVEL (8)
—_— EQUIVALENCE (XARRAYsIARRAY)

DIMENSION STRkTS(aaZOOo“)oJGRID(lloB)oVGRID(lIoB)
- _EQUIVALENCE— (XARRAY (18601) s STRATS)
EQUIVALENCE (IGRIDsJGRID) ¢ (XGRIDsYGRID)
-COMMON /SPARM/ HFRAC.MMISS.lﬁRolTYPEoNSTOR(U)OIPNT(8)
COMMON /BPARM/ CNP (442) s 1By IRaXNP (99442) 908JEC(245)
e __COMMON /IPARM/ -DEL1A(492) 1 JBETA(2484128) 1 XWETA(2¢8+128) ¢ IBIT(8)

02620
02630
02640
02650
02660
02670
02680
02690
02700

00410
00120
- 00130
00140
001S0
00160
- 00170
00180
00190
00200
00210
00220
00230
00240
00250
00260
00279
00280
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410
00420
00430
00440
00450
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FIGURE B-1 (cont'd)

COMMON /INTERP/ BETA(?,B)918ETA(298)oNDEX(B)o!Nl(B)
COMMON /SINTVL/ IRLO(500) ¢ 1RH1(500) L,
DIMENSION ISTOR(4)

DATA (NWORK=225000)

DATA(IBIT=50,43536+29+2291519841)
DATA(NSTRAT=8(0)) s (NM1SS=B(0) ) s (XNPET2(00))

00 100 1=)sNWORK

1ARRAY (1) =0

CONTY INUE SIS -

DO 110 K=]142

00 110 J=lsé

D0 110 1=ls11
XGRID(19J9K)=IGRID (1 0JeK) -
CONTINUE

ASS1GN COUNTERS “AND POINTERS.

e oA A s S

Do 160 KﬂloZ

it L e (LT o=

D0 .)15 I=)e8B — . - ...

oo 135 J=led

IFCIMISS(IsJeK) oEQe 0) GO TO 120
Leste] . et M e R 5 y
lNPNT(LoK)'l -

IMPNT (L oK) ZIMISS(LoJeK) — — — -~

JTPNT(LoK)=J

— 115 — CONTINUE. L - e

120

R el T AT S TS e S S S

130
138
O

(0 e

c

NMISS (JeK)=1-1
DO 125 1=2¢11. -\~ — v —— -

1F (IGRID(1sJeK) oEQs 0) 6O TO 130

NGR1D(JeK)=1=]
DELTA(JsK)2XGRID(I=10JeK) 0270 . ... .
CONTINUE

NMUSSTIURNSE oo e e e

CONTINUE

P e e ¢ e e S

COMPUTE INTERPOLATION PARAMETERS

NSRRI G 1 N |

00 160"1-1.1ea

00 150 K=1s2

e—w PO.AS0 YRl e e

CNP(JoK)=LPDELTA(JK)

— 150 __CONTINUE _ . .. _____ .

CALL BETAS

—..DD 160 K=1e2 ___ . .

DO 160 J=1.8

e JBETA(KsJ9 1) =1BETA (Ks J)

——360.

_.DO 165 J=ls4

OB -

c

. CONTINUE B AP N 1~ I

XBETA(KoJo 1) =BETA (K J)

00 165 K=1+2

1F (DELTA(JoK) +EQ. 0o) DELTALJsKI=ZLs
CONTINVE L Ny
CALL OPENMS(2+1RA¢100s0)

CALL OPENMS{3sJRA9100000
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FIGURE B-1 (cont'd)

GENERATE PURE STRATEGLIES FOR BLUE AND RED . o 01050
01060
B /1700 ) R . ==l s L o S 0lo070
REWLIND 9 01080
D0 400 K=ls2 A AEIRE e a1 ] o T i 01090
18R=K 01!00
oo TUPL =NTYPE (K) - EE . - . by . 01110
IUP 3sNSTRTC(K) 01120
= ts e CHITED o e L ek ! R e ) el 2 ' 01130
KASTP=] 01140
PO 360 1lI=1010P3 . il s *E _ 01150
BUFFER IN (9,1) (LASTPsNALOC(8+4)) 01160
e -~ IFCUNIT(9)) 17541704170 s ’ : 01170
170 CALL ERR({26) 01180
__175_.D0 180 JsKASTPsLASTP ____ . __ 01190
TOINT (JeK)ZLASTH 01200

.. 180 ___ CONTINUE . e e A | - 3 ol2lo0
KASTPSLASTP¢]) 01220
D0 300 JsleluyPl 01230
ITYPE=Y 01240
e MMT SSSNMLSS (UKD o e L e et Q1250
MFRACaNFRAC(JeK) _ 01260
el e R NI PEMMIDES, s e 5 A ! o g el AONIEHO,
ICNT=0 01280
NS T G G () ) () S St oy SNt s S o W 0 O e e e () [ )
1PNT(1)30 3 . 01300
e e JF A{NALOC (I ¢J)- -EUe—=1) GO TO-190 — - ——— P S S e e () 1)1 (1)
MMISSaMMISS~1 01320
—— ——MFRACSMFRAC=NALOC(IoJ) - - —— e e RS B R L0
IF (MFRAC LT, 0) CALL ERR(B) j 01340
—~NSTOR(1)=NALOC(L19J)—mm- - - ] S e o S i 01350
GO 10 200 01360
—390— ICNT®ICNT®)——  — . s e San 2. - GUEIE
IPNT(ICNT) =] 01380
e RGO e e L ol MR el | T 01390
IF (MMISS +EQ, 0 ¢ANDe MFRAC «GTe 0) CALL ERR(23) 01400
Y g CALIL SSTFRAT o it e o= ; : . 01410
300 CONT INUE ' 01420
—— JHI1=aNSTRAT (1 9K) La e . 01430
1H122NSTRAT (2+K) 01440
e — JHL IZNSTRAT (oK) — o - e =X By st SR o e Y .- 01450
IHL14=NSTRAT (44K) 01460
1F(1H11 +£EQe 0) MHILDSL.- . : Fak T R Wy WP o W P 01470
1F(1H12 +EQ. 0) lR1Z2=] 01480
e IF(IHI3 «EQe 0) IH13=) =3 DA Ll etk A T ; ’ - 01490
IF(IMI4 <EQs 0) 1lHI4=] - 01500
— ——— D0 360 1=lelnIl - Gt — e L Y ) Sl - 01510
: D0 360 J=leIHlI2 : 01520
-~ DO 360 L=2eIHId —— et = P AT Rl TR - e 01530
DO 360 M=]ls1H]4 g 01540
JCNT=JCNTel . . : - ’ . T A . 01550
) LOCST(JCNIoK)alLOC ; 01560
e~ ISINT(JCHT oK) 2LASTP . _ . R e s - . 01570
ISTOR()) =] 01580
LT DRI o) e SN T RS ST T e M 17 ; 01590
ISTOR(3)=L 01600
o 1STOR(4)2M . ) o . s = Cuielly | 01610
D0 360 Il=1l,1UPI 01620
IDEX=1STOR(I]) N T O N 01630
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FIGURE B-1 (cont'd)

JUP2=NM1SS (11+K) . 01640
DO 360 N=leluP2 .. . Ll b . ] . 01650
XARRAY (1L0C) =STRATS (N+ IDEX+11) ‘ 01660

.. 1LOC=1L0C+1 RPN ] . 1 . St L, . 01670
CONTINUE . 01680
NFULST(X)=JCNT B s ~lelagaisal. . % P s - 01690
i IF(JCNT «6T. 500) CALL ERR(3) 01700
o _IF(K +EQe I .AND. ILOC .GTe NWORK-6400) CALL .ERRI3) ... .. . 01110
IF(LASTP LT, NSTAGE) CALL ERR(25) 01120
——400—_CONTINVE — .- e : —...01130
WRITE(LUNO1410) 01740

-~ 410 - FORMAT(1HI) T o e g L e 9118
WRITE (LUNO+420) (ISLURD(K) #NFULST (K) sK=aIs2) 01760

— 420 .—. FORMAT(//11H NUMBER OF. yA4s24H PURE.STRATEGIES EWUALS +I5) . .. . 01770
IF(ILOC +GT. NWORK) CALL ERR(3) 01780

P ST L ot R e I et =~ Tt 0 [ T g e 01790
& " SET POINTERS FOR EACH BLUE STRATEGY TO INDICATE THE RED 01800
— € —-——-STRATEGIES WHICH CAN.BE PLAYED AGAINST IT. "l - 01810
01620
IHI1=NFULST(]) == s — 01830
1H123aNFULST (2) ' 01840

—— . 1L0B=0. - e St s i — e - 01850
D0 428 1=I+IHIL > : 01660

e _IFUISINT(191}  ¢EQe ILOB) -6O_-TO 426 . o e o e e e e 018170
IRL=0 ? , 01880
;18L=1L08¢1 i : 01890
JABH=ISINT (1e1) 01900
_ D0 424 K=IBLoIBH. e o e 5 i . olI910

DO 422 J=l+iHl2 " 01920

o IF(ISINT(Js2)-oNE._IDINT(Ks2)) .60 TO 422 ..o o comm—m e 01930
IFUIRL +EQe 0) 1RL=J : : 01940
JARKRS i e e T ey | i A
! 422 CONTINUE ‘ 01960
o ly2b—— CONTINVE oo e e — ol g rog . HRLETR
1L0B=18BH . 01980
—426——1RLO(1I=IRL . : i b e i 2 S IPOOYE
IRHI (1) =IRH . © 02000
k28— CONTINUE - - e e it e AR, e L EDIND
c ' 02020
o Co PRINT STRATEGIES-UNLESS SUPPRESSED.... . 02030
02040
IFAIPRINT (2)—eNE+—0)-60-70.500 ...-02050 .

DO 460 K=192 . 02060
1H13=NMISST (K) : 4 . 02070
IHII=NFULST (K) : 02080
-00-460 I1=Iv1Hl11 - : _..- 02090
IL02=LOCSTII K) I : 02100
I | 17 i S T T B e .= 7 o 02110
IF((I=11/50450 +NE. 1=1) GO TO «38 g 02120
o WRITE(LUNO»®30) L1BLURD(K)s (LTPNTCJeK) o JMPNT (K)o J=DoIHIT) oo 02130
%30 FORMAT(LH1//7+17XsASs ISHPURE "STRATEGIES// 16H STRAT .4 Xe4HLASTS 02140
e 112Xs1BHPLANE TYPE/MISSION/ s IH_NUMBER13ReSHSTAGEsDKy " e BR0SD
14(10(10sdH/ 1 1192X)/720K)) . 02160
—— —— _WRITE(LUND435) ; NECEY S IES LT
435 FORMAT(1H ) 02180
. 438... WRITE(LUNO+@G0) 1+ISINT(IeK) o (XARRAY (J)eJnll02eIRI2) _ o e 02190
460 FORHAT(1Xs15¢5Ks1304X04(10F9e2¢/918X)) 02200

—460.. _CONTINUE _ . 02210
c : 02220
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FIGURE B-1 {cont'd)

—alC ~—.- COMPUTE TOTAL NUMBER OF S[ATES.
c

——-500 NSTAT=]
ICNT=9

— DO 510.K=1+2 _
D0 510 J=1l44

—_—— _allwdsK -
Ms5-J

=t e SICHERTENTRY - o e
IDEM(ICNT) aNSTAT

—————— NSTAT=NSTAT®NGRID (MoL). __ __

510 CONTINUE
e e S INSINTREZENSTAT: e

WRITE(LUND9520) NSTAT
——-520.. FORMAT(IH1+//25H NUMBER _OF _STATES EQUALS +17) _
IF(1LOC+SENSTATZ +GTe WWORK) CALL ERR(4)
=i, TINGUSNGRIDIN Y. oS Tl L SlL
- NG2=NGRID(2+1)
—NGI=NGRID(391)
NG4=NGRID (4o}
INOESNORIDICLRL . et L e e )
NG6aNGRID(2+2)
NG7=NGRID (342}
NG8=NGRID(4+2)

PRINT STATES UNLESS SUPPRESSED

IF (IPRINT(3) oNE. 0) GO TO 635
— ICNI®0__

00 630 Il=lsNG1
-DO 630 I2=1sNG2 _

D0 630 I3=1sNGJ

D0 630 le=]1yNG4

D0 630 15=14NGS
———D0-630 16=14NG6— --

00 630 I7=14NG7 .
e 00 630 - I8 yNGB—— e
ICNT=ICNT+]
- IF((ICNT=1)/50%50 .EQ.-ICNT=1) WRITE(LUNO+610) . . rs
610 FORMAT (1H19//718Xe27HLIST OF ALL POSSIBLE b!ATESo//6H STATEo
115X s4HBLUE 927X+ IHRED9/TH NUMBERs7X92 (19H} . 2 8, =g
111X)7)
~WRITE(LUNO9620)- ICNToJGRID(1191) s JGRID(1202) ¢ JGRID(I343)y .
lJGRlD(lQoQ)QJGRID(IS-S)-JGRID(I6Q6)oJGRlD(lT 7)0JGRID(1808)
—620—-FORMAT(1Xy15,4X92(61646X)) S Lo SR
630 CONT INUE ; i
——Hi— -CALL -TIMER — — PR WE Ry b b s W

TERMINATE -EXECUTION 1F ABORT OPTION 1% SPEClFlED

IF(IPRINT(4) o EQs-1). CALL ERR(7) ___.
JLOCI=ILOC
—— e Ey_—wosva, Ao . Ey )
C COMPUTE FINAL PAYOFFS FOR EACH STATE AND STORE N
—€———— NEXT=STAGE-ARRAYS _ Y
c
——D0 - 645 11=19NG1
00 645 12=1yNG2 |
————— DO0- 6451321 9NG3-- -
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FIGURE B-1 {cont'd)

D0 645 14=19NGh
00 645 I15=1yNGS
DO 645 16=13NG6
00 645 17=1+NG7
00 645 18=1yNG8
XARRAY (1LOC) =YGRID (11 +1) *VALU(1+1) ¢YGRID(12+2) #VALU(2s1)¢
1YGRID(13+3) #VALU (3411 *YGRID(14s4) $VALU(Gs 1) =
1YGRID(IS+5) #VALU(1+2) ~YGRID (16461 ¢ VALU(2+2) =
1YGR10(17+7) #YALU (342)~YGRIO(18+8) ¢VALU (492)
o~ XARRAY (ILOC) =XARRAY (ILOC) ® (OWGHT (1) +OWGHT (2) )
ILOC=1LOCe] ‘
~ 645  CONTINUE a o
JLOC2=1L0C-1
LOCBVB=JLOC]
LOCEVB=JLOC2
00 648 I=JLOC1yJLOC2
XARRAY (1LOC) =XARRAY (1)
- 1LOC=1L0C¢1 2
CONTINUE
- .~ LOCBVR=JLOC2¢1 -
LOCEVR=ILOC~]
& KOCBVB=LOCEVR®l ...
KOCEVB=LOCEVR+NSTAT
- . KOCBVR=KOCEVB®l _ —  _ _ _
KOCEVR=KOCEVBeNSTAT
e~ JOCBVB=KOCEVR+1
JOCEVB=KOCEVReNSTAT
— - JOCBVR=JOCEVB#l . _
JOCEVR=JOCEVBeNSTAT
——— _10CBVB=JOCEVRel
10CEVB=JOCEVReNSTAT
. 10CBVR=10CEVRel .
10CEVR=I0CEVRBNSTAT
- LOCHPB=IOCEVRel —
LOCEPB=I0CEVR¢NSTAT
e . LOCBPR=LOCEPR®l .
LOCEPR=LOCEPB#NSTAT
. DO 650 I=1sNSTATZ
Jal-1
XARRAY (JOCBVAR*J) EXARRAY (LOCBVB+J)
650  CONTINUE
G = . 1= .
READ OR COMPUTE BATTLE ASSESSMENTS FOR EACH STATE AND
PURE STRATEGY COMBINATION AND STORE ON SCRATCH OISK

IHII=NFULST(Y) o -
IH1ZSNFULST (2) .
NINGAM=THL1#1H]2
LOCBG=LOCEPR. ]
-LOCEG=LOCEPR+NINGAH
KOCBG=LOCEG.1
KOCEG=LOCE G*NINGAM ] L
IF (KOCEG +GT., NWORK! CALL ERR(S5)
- eaCALL. SECONDUTY e =
WRITE{LUNOs6S]1) T
— 651 _FORMAT(/////71XeF9.3¢25H CPU SECONDS USEO IN INIT/)
1F (IPRINT(S) +LT. 2) GO T0 665
" v T [ ——— o il VL

¢ IF AVAILABLE READ BATTLE ASSESSMENTS FROM BATTLE-TAPE

Awmel. - . WE T T U




ST AT e ———————
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FIGURE B-1 (cont'd)

DO 660 I=IsNSTAT
BUFFER IN (Iusel)
IF CUNIT(I0)) 65516534053
—- 653 CALL ERR(24)
655 BUFFER OUT (I.1)
o e IF(UNIT(1)) 66016584658
658 CALL ERR(6)
— 660 — -CONTINUE
RETURN
R S— —_—

(JARRAY (LOCBG) « IARRAY (KOCEG) )

(1ARRAY (LOCBG) + IARRAY (KOCEG) )

¢ IF BATTLE-TAPE 1S NOT AVAILABLEs COMPUTE ASSESSMENTS

@ USING SUBROUTINE /BATTLE/

C
—. 665 Do 900
Do 900
sdatap .. DO 4900
DO 900
900
Do 900

11z14NGI o
12=14NG2

13l oNGAe e o nt o =
1421 9NG4

16=194NG6
900 I7=1eNGT.
DO 900 18=1NGS
—_—— . LOCWD=LOCBG=) . _
DO 8v0 IB=]s]HII
e BONBOO-IR=ISNHEA, . . .
1WORD=0 '
. JWORD=0 N
IF(IR JLTs IRLO(IB)
—_CNP(19))=YGRID(I1s1I)
CNP(2+1)=YGRID(12+2)
_ _CNP(3+1)=YGRID(I3+3) = Ca g N Y
CNP(44]1)=YGRID(I%94)
e CNP(192)=YGRID(IS9S) . _ .
CNP(2+2)=YGRID(16+6)
—CNP (392)=YGRID(I747) s - Ls
CNP(492)=YGRID(]B,8)
e JEAIPRINT (6)
WRITE(LUNO+670) IBsIR
-FORMAT (/e4H 18=9[3e2Xs3HIR=9]3) L
WRITE (LUNO+675) CNP
__~675 . FORMAT (/94H CNPs0F9.2) L b
680 CALL BATTLE
e LOCLEVZO i 5 = S LS
DO 700 K=]s2
. DO 700 J=104%
LEVEL= CNP(JOK)/DELTA(J.K)’.b
LOCLEV=LOCLEVe]
KEVEL (LOCLEV)=LEVEL -

<ORs IR <BT,

— 670 ..

ISELINGS.:. L 0 . i

«EQe 0) _CO TO 68O =,

——eee— CALL SBYT(IBIT(LOCLtV)o7oJUORDoLEVEL)-u .

700 CONTINUE
— TR L SROBNNGITAL s T s = &
ROBJ=0.
——————— -D0. 720 J=1+3 -
B80oBJ= BOBJ’OBJEC(IQJ)'UWGHT(J)

—————ROBJ=ROBJ+OBUEC(Z+J) ¥OWGHT(J) . = — 0

720 CONTINUE

10BJ=80BJ*SIGN(«5+808J) - Y
JOBJU=ROBJ*SIGN («5+R0BJ)
~—————-IF(IPRINT(8) +EQs 0) GO TO 780

WRITE(LUNO9»775) CNP.IOBJ.JOHJ.KEVEL

B-28

IKHI(1B)) GO TO 780

Jre=_ L aw.

03420
03430
03440
03450
03460
03470
03480
03490
03500
03510
03520
03530
03540
03550
03560

. 03570

03580
03590
03600
03610
03620
03630
03640

03650

03660
03670
03680
03690
03700

_ 03710

03720

03740

03740
03750
03760
5317170
03780
03790
03800
03810
03820

103830

03840
03850
03860
03870
03880

. 03890

03900
03310
03920
0330
03940
03950
03960
039170
03980
03990
04000
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FIGURE B-1 (cont'd)

7S FORMAT (4H CNPsBF9,.2/6H lOBJ=ollOoSKoSHJOBJ=ollOoonIHLEVﬁLSIoBlQ)
780 1F(I08BY .GE. 0) GO TO 785
e 10B8J=-100J .
CALL SBYT{(6Us141WORO0s1)
—— 785 CALL SBYT(31+2991W0RDsI0BJ)
IF (J0BJ .GEe 0) GO TO 790
— = - JOBJ=~-J08J -
CALL SBYT(3041+IWORDs1)
— 190 CALL SBYT (1+29+1WOR0+JOBJ)
LOCWD=LOCNWO]
e ee—-- LARRAY (LOCWD) 1 WORD
1ARRAY (LOCWO+NINGAM) =JWORD
— 800~ CONTINUE - ek - =
BUFFER OUT (1.1) (1ARRAY (LOCBG) ¢ JARRAY (KOCEG))
—e— - IF (UN1T (1)) 87598500850 - :
850 CALL ERR(6) 3
— 875 - . IF (IPRINT(5) EQe 0) GO TO 900 =l

c
G- __ WRITE BATTLE ASSESSMENTS ON BATTLE-TAPE IF REQUESTED

C
e BUFFER OUT (10s1) (IARRAY (LOCBG) » 1ARRAY (KOCEG)) . -
IF(UNIT(10)) 900,880+880 F ' =3
—— 880 - CALL ERR{24) - ——— i
900 CONT INUE
B S RIEATHIRN %=t s b E
JEND

.. . FUNCTION 1STATE(IV).. . -4 T | S 4yt ol LUHCe b
C
. C— . /ISTATE/ COMPUTES THE INOEX OF THE STATE CORRESPONDING
c 70 A SPECIFIED COMBINATION OF GRID POINTS. :
L /0 JTSSRE IR ¥ — LB L :
COMMON /INPUT/ IM1SS(89602) s IGRID(119492) sLASTPNALOC(B94)
g FETE SR lNFRAC(boZ)oNsHL(Z)cNSTAGEoNUAPSToCASF(“oZ)olPRlNI(8)o L
llTlTL€(6)oVALU(“oZ)oPKBO(“ong)oPKBDES(“oOiZ)oXGRlO(lloboZ)o
Bldede IPKAU(“;“.Z)oPKADES(GoGoZ)oPKBA(hohoZ)oPKAA(ho“oZ)o '
lPKESBO(“o“oZ)oPKESAD(QohoZ)oPKSH(hoZ)oPKNS(#oZ)oRElN(“oZglOO)o
-—————~1NGHT(10002)oXSORT(Bo“oZ)oNDlV(Z)oONGHT(S)oNRSAH(Z)oNFSAM(Z)o
lPKRS(“oZ)oPKFS(#oZ)oABAF(&o“gZ)'OlVFP(Z)o?KBAFS(@oZ)i
weie] FN IPKAAFS(QoZ)oPKAARS(GoZ)oPKA&FS(GoZ)oPKAERS(koE)oPNHLfS(QoZ)o
1PKFAFS(4.2).uKRAF$(u62).PKRARS(«,Z).OFPREU(4.2).£EBA(2.23).
SR TRENAF{(Bh2MID0NE e T =il =5 ' e o
COMMON /WORKN/ NTYPE (2) sNMISS (492) sNMISST (2) oNGRID (492) 9
—m_————wllBLURO(Z)oNSTRAT(k.Z)oNFULST(Z)oNSTAToNINGAHolMPNT(3&.25o.*
llTPNT(JZoZ)vIDEM(B)yNjTRiL(Z)olRA(lOO).JRA(lOO)oLUNloLUNOo
o INWORKeNSTATZ2,ISINT(ZD W21« IDINTCLOUe2) s INPNT(329<) ‘
COMMON /WORKL/ LOCST (=00+2) 1LOCBG s LOCEGsKUCBG9KOCEGsLOCRVRY
— —— 1LOCBVBsLOCEVR s LOCEV L CBERILOCBPB« LOCEPRILOCEPY W
lKOCBVBoKOCEVQ'KOCBvrotOCtVRoJOCBVBoJOCEVﬂéJOCBVRgJOCEVRo
110CBVBsI0CEVi3s 10CBVR s 1OCEVR e
DIMENSION 1V(1)
ISTATE=1V(B8) 1]
DO 100 1=107
1STATE=ISTATE+1V (1) *I0ENLI)
CONTINUE
RETURN oy e e
END

04010
04020
04030
04060
04050
04060
04070
04080
04090
04100
04110
04120
04130
04140
04150
04160
04170
04180
04190
04200
04210
04220
04230
04240
04250
04260
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FIGURE B-1 (cont'd)

SUBROUTINE PRNTIN

(o /PRNTIN/ PRINTS THE INPUT PARAMETERS,

C

—_— COMMON /INPUT/ IMISS(B.&.Z)oIGRID(lvaoE)QLASTPONALOC(Boé)v
INFRAC(Q.E).NSHL(Z)oNSTAGE.NUAPSToCASF(QoZ’oIPRINT(B)o

e llTITLE(b)oVALU(hoH)oPKHD(QvQ-E)oPKBDES(koQoB)oXGRlD(llonZ)o

IPKAAFS(QOE)OPKAARS(QOE)OPKﬂtFS(QOZ)oPKAERS(QoZ)’HKBEFS(QO?)o
—IPKFAFS(QOE)oPKRAFS(QoZ)oPKRARS(QoE)|DFPREU(Q02)|EEBA(2028)O
1REINF (4424100)
————-- -~ COMMON /WORKN/ NIYPE(E)oNMISS(Qo?)oNMISS'(E)|NGRID(Q02)i
IIBLURD(Z)oNSTRAT(Qo?)ONFULST(E)ONSTATONINGAMQIMPNT(3202)!
— *IITPNT(JEOE)OIUE”(B)'NSTRTC(d)'IRA(IOO)'JRA(IOO)OLUNI?LUNOO
INNORKQNSTATEoISINT(SOO.?)OIUINT(IOOOE)oINPNT(JEoC)
~—~———. . COMMON /WORKL / LDCST(SOO'E)'LOCBGOLOCEG'KUCBG'KO??G'LOC.VR'
lLOCBVB'LOCEVPoLUCEVBoLOCBPRoLOCBPBoLOCEPRyLOCEPE? ;
——~—~—~1KOC8V8oKOCEVBoKOCBVRoKOCEVRoJOCBVBOJOCEVHOJOCBVR!JOQCVRQ_ AT
lIOCBVBoIOCEVB-IOCBVROIOCEVR
———— —DIMENSION IHEAD(“.?S)olH(“oZ)iXF(“iz)OPKS(“QQOE)
DATA(IHEAD (], 1)=40H CAS ESCORT AGAINST D
———-DATA(IKEAD (1, 2)=240H . - BD AGAINST CAS ESCORT
+ DATA(ILEAD(], J)=40NH CAS AGALINST 8D "~
—————. DATA(IHEAD (1, 4)m4QH : BD AGAINST CAS
DATA(IHEAD (1, S)=4eQH ABA ESCORT AGAINST ABD
~———— _DATA(IHEAD (1, 6)=40H ABD AGAINST ABA E£SCORTY
DATA(IHEAD (1, 7)=40H ABA AGAINST ABD i
————_DATA(1READ(], 8)xq0H : ABD AGAINS! ABA
DATA(IHEAD(1, 9)=240H ABA AGAINST NON-SHELIERED AIRCRAFT
.D.DATA(IHEAD(IQIO)'QOH ABA AGAINST SHELIERED ALRCRAFT
DATA(IHEAD(I.II)'QOH FORWARD SAM SUPPRESSOR AGAINST SAM
= DATA(IHEAD(I.IZ)‘“OH SAM AGAINST FORWARD S5AM SUPPRESSOR
DATA(IHEAD(I.I3)'QOH REAR SAM SUPPRESSOR AGAINST SAM
_______“‘DATA(IHEAD(I.I“)'QOH o SAM AGAINST REAR SAM SUFPRESSOR
OATA(IHEAD(IQIS)SQOH SAM'AGAINS? CAS v
—————— DATA(IHEAD(1.16)=40H v SAM AGAINST CAS ESCORT
DATA(IHEAD(I'17)'“0H SAM AGAINST ABA
__DATA(IHEAD(I'IB)'QOH. A SAM AGAINST ABA ESCORT _
WRITE(LUNOy190) (ITITLE(1)s1=]146) %
—100_ _FORHAT(1H101X06A10/)_ e W, |
WRITE (LUNOs1(2) NSTAGE
___102_*“FORMAT(lXolBHNUMBER OF STAGES =y13)
WRITE (LUNOs1(4) NOAPST
—104_ MFORMAT(IKOEBHNUHBER OF CYCLES PER STAGE =413) -y
N HRI]E(LUNO'IIO) (lBLURD(K)ONTYPE(K)OK‘IOE)
__~110-,MFORMAT(IXQIOHNUMBER OF sA4sl4H PLANE TYPES =412)
WRITE(LUNOs120) (IBLURO(K)!NUIV(K)iK*lo?i
— 120 .FORMAT(IXOIOHNUMUER OF sAGy12H DIVISIONS 9]6)
WRITE (LUND#1:5) (IBLURD(K)ODIVFP(K)OK‘I'Z’.
__-125___FORMAT(IXOIQHFIREPOUER PER sA4y11H DIVISION =yFl0.4)
WRITE (LUNOs130) (IBLURD(K)ONSHL(K)OK'IOZ)
.“_130.‘«FORMAT(IXOIOHNUNBER OF sAGsl1lH SHELTERS =4]16)
WRITE(LUNO#140) (IBLURD(K)ONFSAH(K)OKIIOE)
~__140__MFORMAT(IXOIOHNUMUER OF 9A4y15H FORWARD SAMS =y ]16)
WRITE(LUNOW150) (IBLURD(K)ONRSAN(K)gKlloZ)
—=]50L . FORMAT(IX!JOhNUHBER.OF.OA“leH REAR SAMS =,16)

|
!
]

h
i

!
!

i

)
).
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
=
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FIGURE B-1 {cont'd)

WRITE (LUNO+160) (OWGHT (1) e1=143) 00700

160 F()'(NAT(leZ‘)HOUJhCTlVE FUNCTION WEIGHTS = »9HCAS ORD -9sF6e29s 00710
13Xe9ATOTL P —4Fb.2eIXs GHFEBA ~¢Fbec) 00720

WRITE (LUNO+200) 00!_.‘0

200 FORMAT (/// vd‘?XleHMISSIONS ASSIGNEO ANO/9»28Xs 00740
. 123HASSOCIATED SORTIE RATES//) e el aELL = o2 . 007150
WRITE(LUNO+210) 00760

---210 FORMAT (15X s 15HBLUE PLANE IYPQOZIXvIQHREO PLANE TYPE/ n, 007170
12(10Xs25H1 2 3 4)/) 00780

00 300 1=1e8 - L o iy A 4 00790

DO 240 K=192 00800

DO 240 J=leb - - ot - N T i3 00810

1F (IM15S5(1aJsK) oNEs 0) GO0 10 250 00820

— 240 CONT INUE e - F 00!}30
6o TO 310 00840

——250 00 260 - K=le2 - — - - B R . y 00850
00 260 J=1s4 ' 00860

- IMGJeK) =0 : E ! b 2 X - L 00870
XF(JiK) =0, 00880

o _1F(IMISS(19sJsK) eNEe 0) IM(JsK)=1M1SS(1eJeK). . 00890
1F (XSORT (1 eJsK) oNEe 0.) XF (JoK)=XSORT (19 J9K) 00900

——-260 -~ CONTINUE B ’ y . 00910
WRITE (LUNO280) i(IM(J.K)oXF(J.K)oJll’h)gK=la2) 00920

—280—- FORHAT(#X’Z(Sth(ll’ngoFS.ZolX))) —_— e ; -00930
300 CONTINUE 00940
——310- “WRITE(LUNO»312) - - - e e e e 00950
312 FORMAT (/// 926X9 28HMINIMUM ALLOCATI1ION FRACIIONS//) 00960
“WRITE (LUNO9210) --—— - - Lt el - o B Y & . 00970

00 315 K=1+2 . 00980
DO 315 JBleb e o oy e e AL g o B . 00990
AF (JoK) =0, : 01000
__1F (NFRAC(J1K) - «E@e- 0)-GO TO 315 : : ' 01010

XF (JsK) =1 e /NFRAC(JsK) 01020

— 316 CONTINUE - -— -—=—— e Lhnd ... 01030
WRITE (LUNOs318) ((XF(JeK) s J=194)9K2192) 01040

— 318 FORMAT (2X02(3X94 (F7e201X))) e 01050
WRITE (LUNO#320) i~ 01060

_320. FORMAT(/// »35XsL1HGRID POINTS//) = bl bk 01070
WRITE (LUNO»210) 01080

i is o ATOLEL ) e e gt ST - JLIPET e 01090
00 330 K=1s2 01100

. DO 330 J=ls4 - "o _ i 01110
IF(1GRID(IsJsK) oNEe 0 «ORe 1 +EQs 1) GO T0 340 01120

330 - CONTINUE i ainrd T | _ ; 01130
GO TO 400 01140

340  WRITE(LUNOs360) (CIGRID(IsJrK) 9 J=)e4) 9K=192) r 01150
360 FORMAT (3Xe2 (3Ks6(1642X))) : 01160
__ 370  CONTINUE s 01170
400 WRITE(LUNOs510) 01180
_410.. FORMAT(LH1//428X924RCAS FIREPOWER PER SORIV1E//) 01190
WRITE (LUNO#210) ; 1 01200

AT WRITE (LUNO»420) ((CASF (JeK) 9J3194) sK=L2) - " : 1210
420 FORMAT (3Xe2(3Xe&(FTe4e1X))) 01220
__WRITE (LUNO#422) g =4 i . e 01230

422 FORMAT(/// +26X9e8HOLVISION FIREPOWER REDUCT1ON»s/ 01240
o 134X+16HPER CAS SORTIE//) W v E 01250
WRITE (LUNO»210) 01260

. _ WRITE(LUNO+%20) ( (OFPRED (JoK) sJmle&) sK=10Z) . - ; 012170
WRLTE (LUNO+423) : 2 01280
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FIGURE B-1 (cont'd)

FORMAT (/77 s3UXs20HRESIDUAL VALUE OF AN/
123X+ 33HUNDAMAGED PLANE AT ENUD OF Tnt WAR//)
WRITE (LUNO+210)
WRITE (LUNG3420) ((VALU(JsK) sJ=194) 9K=142)
WRITE (LUNOs&24) -
FORMAT(/// +2TXs6HFRACTION VULNERABLE TO ABA/ +35XKs
110HBY MISS1ON//) '
WRITE (LUND+210)
00 430 I=1s8
00 425 K=zle2
DO 425 J=le4
IF(IMISS(IsJsK) oNEes 0) GO TO 426
CONTINUE ;
GO TO 431
00 427 K=1le2 -
DO 427 J=l4
IM(JsK) =0
XF (JeK) =0,
IF (IM1ISS(19JsK) oNEe 0) IM(JoK)®IMISS(19JrK)
1F (ABAF (19JoK) oNEs 0o) XF (JoK)mABAF (19J9K)
.- CONTINUE
WRITE (LUNO#428) ((1M(J.K).xF(J.K).J-Joa)oxsloz)
__428. FORMAT(4X92(3Xe4(119lH=9F5,3,1X))) . o
430 CONT INUE
43). . LF(FEBA()ls)) oEQe_=1e) GO TO 439 . _ .
WRITE (LUNO»433)
433 FORMAT(1H1///933Xs)IHFEBA FUNCTION//) .
DO 434 1=2+28
oo )F(FEBA(Llsl} +EQe.-0s) GO TO 435 _.._ .. ..
434  CONTINUE
— 435.. .1xl=] . e B b | g T e il L
00 438 K=)sl,47
. L=Keb6 s
uRITE(LUNo.aaa) (FEBA(13J) »J=Ksk)
436 FORMAT(/1Xs7HF RAT10+6X97F943)
WRITE(LUNO+437) (FEBA(290J) 9J=KsL)
437 FORMAT (1X s BHMOVEMENT ¢5Xe7F943)
438  CONTINUE
— 439 - 00 470 1=l eNSTAGE— — -
IF((1=1)/50%50 «NEe 1=1) GO TO 445
e —— WRITE(LUNO+440)
440 FORMAT(IHI/I[ZXo9HOBJECTIVtod(Z“Xol“HRElNFORCEMENTSolTX)/13Xo
1 THWEIGHTS 929X s 6HNUMBER s 48X » BHFRACTION/ 18X
12(13Xs15HBLUE PLANE TYPE12X914HRED PLANE Tvpe.lx)/lxosnsrAGE.
e 14Xe4HBLUE ¢5X,3HRED+2(7X919H1 SR s 0§ O JO) U ST R
12(7Xs19H1 2 3 4y1x)/)
___aas_w.oo ERRREST) O A e S B
00 450 J=le4
. IMGJeK)=RELN(JeK 1)
XF(JoK)=REINF (JeKol) =14
__450__ CONTINUE
WRLITE (LUNO»460) l.(HGHT(!.K).K-l.Z).((1H(J.K).J-1oa).xnlo2).
o 1UIXF (IR 9 Jz=] ek ) 9KZ) e 2)
460 FORMAT(axolz.1x.2ra.2.2(3x.416)olx.atax.arb «2))
___470_._ CONTINUE e |2
WR1TE (LUNO+500)
500 . FORMAT(1H19/31Xs18HKILL PROBABILITIES/)
CALL PKILLS (IHEAD(19)) sPKBDES90e904)
o CALL.PKILLS(IHEAD(192) sPKESBUsOer0e)
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FIGURL B-1 (cont'd)

CALL PKILLS(IHEAO(193) sPKBDsVss00s)
CALL PKILLS(IHEAD(194) sPKBA»Vas0¢)
WRITE (LUNOsS00)
CALL PKILLS(IHEAD(195)yPKADES90e904)
CALL PKILLS(IHEAD(196) yPKESAUS0+904)
e CALL PKILLS(IHEAD(1s7)+PKADIVes0s)
CALL PKILLS(IHEAO(198) sPKAAWV.s04)
—_WRITE (LUNO»S00) e
00 600 I=1s4
.00 600 J=1s4
00 600 K=1,2
e PKS(IsJsK)I=PKNS(JeK)
600 CONTINUE
... .CALL PKILLS(IHEAD(149)9+PKS900+¢0s}
DO 700 I=1l+4
. DO 700 U=les
D0 700 K=1,y2
PKS(IsJeK)=PKSH(JsK)
700  CONTINUE
e CALL PKILLS(IHEAO(1910)9PKS90e900e)-
WRITE (LUNO»S00) -
— e CALL SAMS(IHEAO(Le11)slesPKFSs=24)
CALL SAMS(LHEAO(1912) 91 .9PKFAFSy=1,}
e CALL-SAMS (IHEAD(1913)9)es=2e9PKRS) . .
CALL SAMS(IHEAO(1914) 9] esPKRAFSsPKRARS)
—————  WR1TE(LUNO#500) - — - -
CALL aAHS(IHEAD(lvlS)ol.vPK&AFSo-l.)
——— - CALL SAMS(IHEAO(1916)s1s9PKBEFSs=14)
CALL SAMS(IHEAO(Ls17)91e9PKAAFSsPKAARS)
e — CALL SAMS(IHEAO(1918)91¢9PKAEFSsPKAERS)
END :

——=— - SUBROUTINE PKILLS {(LABLsPKsPKFsPKR) =

/PKILLS/ AND /SAMS/ ARE PRINT SUBROUTINES USED IN
CONJUNCTION WITH /PRNTIN/.
(O =1 e
COMMON /HORKN/ NTYPE(Z)vNMISb(QoZ)9NNISST(2).NGRID(402)o
e LIBLURO(2) yNSTRAT (492) oNFULST (2) sNSTAToNINGAMy IMPNT (3292) s
LITPNT (37 oz)oIDEM(G)vNSTRTC(:)vIRA(lOO)oJRA(lOO)oLUNIoLUNOo
— — INWORK¢NSTATZ s 1SINT(500+2) s IDINT(10092) ¢ INPNT (3242} ey et
DIMENSION LARL (1) sPK(49492) yPKF (492) sPKR(492)
~-WRITE(LUNOs1GO) - (LABL(I)sI=194)
100 FORMAT(3(/)+20X94A10s///»16Xs14HBLUE KILLS RED#20X»
——— —116HRED KILLS BLUEs//9s19XsEHRED TYPE» 26X+ BHRED TYPEY
12(12Xs22H1 2 3 4))
P WRITE (LUNO»2G0) (PK(1s192)91=1+s4) s (PK(Islol)oIxlrd)
200 FORMAT(7XelH1 o4 {ZXsF543)26X94(2X9F5,.3))
. WRITE(LLI!D+300) (PK(2s192)91=led) s (PK(Is291)elxzlr4)
300 FORMAT(TX ol H2 04 (2XeF5.3) 96X04(2X9F5e3)) =¥
_ WRITE(LUNO»400) (PX(39192)912194)s (PK(I939]1)0elIxled)
400 FORMAT (TXs1H304(2XeF5.3) 96X04(2X9F543))
BLES S WRITE (LUNO»S00) (PK(4sT192)912104) s (PK(Iv491)sInls4)
500 FORHAT(7X01H49Q(ZXQF5.3)v6X04(2X0F5.3))
b b O IRETURN— et Ble RL A !

T e el M S L g T
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FIGURE B-1 (cont'd)

ENTRY SAMS

WRITE (LUNO»600) (LABL(I)sIx1v4)

FORMAT (3(/) s 20X94A109///916X9 14HBLUE KILLS RED+20X
114HRED KILLS BLUEZ) '

IF(PKF(1+1) JEQe -2+ ¢ORe PKR(Ls1) ¢EQe =Ze) GO TO 650
. WRITE (LUNO»610) F i .

FORMAT (19X s RHRED TYPE#25X+9HBLUE TYPE)

60 10 670 ; '

WRITE (LUNO+660)

FORMAT (18X 99iHBLUE TYPE.26X9HBHRED TYPE)

WRITE(LUNO»680) I 5

FORMAT (2(12X+22HI. .. Pl paiarna B 4))

IF(PKF (Is1) LLTe 0s) GO TO 750

WRITE (LUNO»700) (PKF(Js2) 9 J=196) 0 (PKF (Usl)sJnlr4)

FORMAT(IKo'IHFORNARDo‘O(ZXOFSo:”' 26X94 (2KsF5e3))
. IF(PKR(191) ,LTe 0s) RETURN

WRITE (LUNO»800) (PKR(J92) 9J=176) s (PKR(Jv1) 9umls6)
 FORMAT (2K s 4HREAR 92X 94 (2X+sF53) 96X 94 (2XsF5e3))

RETURN

I o el I R T e e T

;SUBROUTINE READIN

S [ : o e -

c /READIN/ READS THE INPUT PARAMETER CARDS.

G -y B, o TRy T e = b o1y i an ke
COMMON /INPUT/ IMISS(8 4s2) 9 IGRID(119%92) sLASTPINALOC(894)

—___ INFRAC (492) s NSHL (2) sNSTAGE sNDAPSTsCASF (492) ¢ IPRINT (8)

LITITLE(6) s VALU(492) sPKBD (49%92) 1PKBDES (49492) 9 XGRID (119492)

o IPKAD(4+492) sPKADES (49492) yPKBA(49492) sPKAALL 4y 2) 9 A

IPKESBD (43492) s PKESAD (494 92) sPKSH(492) sPKNS (492) yREIN (4929100 »
lNGHT(lOOoZ)oRSORT(do‘nZ)oNDIV(Z)QONGHT(SDoNRSAM(Z)’Nf_'SAM(Zh
. IPKRS{492) sPKFS (492) sABAF (B1492) yDIVFP (2) yPKRAFS(402) »
o IPKAAFS(42) sPKAARS (4+2) sPKAEFS (492) sPKAERS (492) sPRBEFS(492) s
IPKFAFS (492) s wKRAFS (492) s PKRARS (492) sDF PRED (492) 1k EBA(Z928) s

- 1REINF (4920100} - - — - - - Gl 3
COMMON /WORKN/ NTYPE(2) sNMISS (492) ¢NMISST (2) yNGR1ID(492)

o LIBLURD(2) sNSTRAT(4¢2) yNFULST (2) sNSTAToNINGAM IMPNT (3292)

LITPNT(3212) s IDEM(B) sNSTRTC(2) s IRACI00) 9 JRA(100) sLUNIsLUNO

e INWORKsNSTAT2+ISINT (500+2) s IDINT(10092) s INPNT (32+2)

COMMON /WORKL/ LOCST(50092) sLOCBGsLOCEGYKOCBGyKOCEGILUCBVRY

—— 1LOCBVBsLOCEVR+LOCEVBsLOCBPRLOCBPBILOCEPRILOCEPSY i

1KOCBYBsKOCE VK +KOCBVR s KOCEVR 9 JOCBVBo JOCEVE Y JOCBVRY JOCEVR

——— —110CBVBs I0CEVH+10CBVR 10CEVR . A A

: COMMON /WORK/ TARRAY(25000)

. __DIMENSION IDUMMY (8) oKEY(35) sHALOCS (33+10092)9MALOC(33)
EQUIVALENCE (IARRAYsNALOCS) » (MALOCsLASTP) A
DATA(NKEYS=30) —- - Jela s k=il
DATA(IBLURD=4HBLUE » 3HRED)

~—— - DATA(LUNI=5) ¢ (LUNU=6)
DATA(KEY=3HRUN s 4HM I SS s 4HGR1D9 4HPKRD » 4HPKAD s 4HPKBAY

e 14HPKAAs4HCASF +4HVALU»4HSTAG s 4HPKBE s 4HPKAE s 4HNSHL » #HPKSHy
14HPKNS 9 4HSTRT s GHWGHT 9 4HRE IN9 4HCWGH o GHND IV 9 4HDTVF o 4HUFRC

. 14HNSAMs4HPKF S+ 4HPKRS s 4HFEBA+ @HABAF » 4HPKF As 4HPKRA S IHEND ¢ 5 (TH 1))
DATA (REIN=800(0e)) s (REINF=BUO0(14)) s (WGHT=200(14)) ]

. DATA(PKBD=32(0+)) s (PKBDES=32(0s)) s (PKAD®3Z(04)) s (PKADES=3I2(0s))




c
ST E
c
—-300
110

PAB-249

FIGURE B-1 (cont'd)

DATA(PXBA=32(04¢)) 9 (PKAA=32(0e) ) o (PKESBD=32(04) )9 (PKESAD®32(04))
DATA(PKSH=8(0s)) s (PKN5=8(04))
DATA(CASF=8(0e)) 9 (VALU=B(0e)) » (NSHL=2(0)) 9 (NFRAC=B(0))
OATA(NTYPE=2(0)) 9 (NSTRTC=22(0) ) o (IGRID=88¢0) ) o (IMISSm64(0))
DATA(XSORT=64(0e) ) 9 (OWGHTZ1 494 (0e) ) 9 (NDIVE2(0) )+ (NRSAMRZ2(0) )
DATA(MFSAM=2(0) ) 9 (PKRS=B(0e) ) » (PKFS=B(04)) 9 (ABAFZS4(14))
DATA(DIVFP=2(04}) ¢ (PKBAFSEB(04)) s (PKAAFSHE{04)) o (PKAARS®B(0.))
DATAIPKAEFS=8(04e)) 9 (PKAERS=H(04)) ¢ (PKBEFS=8(04)) ¢ (DFPRED=8(04))

DATA(FEBA==1,+55(0.)) 9 (PKFAFS®B{04) ) » (PKRAFSuE(0e}) s (PKRARS=B(0.))

DATACIPRINT (1)=0) __ : 3 o A s iz 2= ol
WR1TE (LUNO970) )
FORMAT(IHYY

- - READ DATA CARD _. . __. . _____

READ(LUN1+110) 1KEYsJBRsJTPs (IOUMMY(I)sIm1+8)
FORMAT (A4924197TAL00AG)
IFCIPRINT (1) +EQe 0) WRITE(LUNO+120) LKEY9uBReJTPy

1(IDUMMY (1) +1=1+8)

2EIN20 e

. IF(IKEY +EQe. KEY{I1)) GO TO 200___

L5200 «IBREN . |

FORMAT (IXeA442A)e7A)00AG)
DO 150 I=1sNKEYS

CONTLNUE
CALL. ERR.(2).
60 TO 100

IF(JBR +EQe )HR) IBR=2

Liad _BEGOIE(TeBV0,dVONLUR ... - o e -

210

FORMAT (11}

— GO_TQ (300932003409360 38004009620044094600480050005100 Y
15209560056095800600062006300660965006600610968006900700'
o 1T109720+7300800) I P e = Y ST W] [ | = e

C

Isee - . o 3

¢
—300.
301

s 6010100

C

I |0 S

C
320

RUN.CARD = VLR S I S g | e U L

DECODE (7443019 IDUMMY). (1PRINT(I)sI=)e8) o (ITITLE(L)o1=106)
FORMAT (4X¢81192Xs6410) -

P L TR = el g L s iy |
DECODE (749321 + IDUMMY) NFRAC(ITP9IBR) ¢ (IMISS(IoITPoIdRy

1I2148) 9 (XSORT(I91TP9IBRIeI=148)

—321 -

slgid v . T ALTS i

C
- T -
360

'FORMAT(QK.IZ.IXfS(lXoIZ)oBXoBFS.?! o e

GO TO 100

GRlD CARD

DECODE(S9.341010UMMY) {(IGRID(IZITP+IBR)oI®is1]))
FORMAT (4X511]5) -- - .
IF(IGRID(19ITPyIBR) .NE. 0) CALL ERR(9)
"IF(NTYPE(IBR) +LTe 1TP) NTYPE(IBR)=LTP - -

GO TO 100 [

bde 2 T Bl b RS, By

PKBD CARD

ODECODE (499361 » [DUMMY) (PKBD(IolTPaIHR‘oIllvhio.m

—— —— 1(PKBDES()sITPsIBR)9I=194) .S T TN TR BT

361

FORMAT (X 94FSe395X94F5,3)

00450
00460
00470
00489
00490
00500
00510
00520
00530
00540
00550
00560
00570

00580

00590
00600
00610
00620
00630

__ 00640

00650
00660
00670

00680

00690

00700

00710
00720
00730

00740

00750
00760
001770
00780
00790

.. 00800

00810

00820

00830
00840
00850
00860
00870

. 00880

00890
00900
00910
00920
00930
00940
00950
00960
00970
00980
00990
01000
01010
01020
01030
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FIGURE B-1 {cont'd)

s 3 GO TO 100 e 01940 .
, c 01050
=i PKAD CARD =t 1 T 01060
| C 01070 4
—-380 DECODE (4993619 1DUMMY) (PKAD(Is1TPsIBR)s1=194) PR 01080 |
1(PKADES(1oITPeIBR) 911 04) 01050
e GO FO AOO v e b g T i . 01100 |
! C 01110
f AN PKBA CARD 9 W ' i : s 01120
C 01130
— %00  DECODE (349401 ¢ IDUMMY) (PKBA(1sITPs1BR)91=194) yPKBAFS(ITP18R) 01140
%01 FORMAT (4X04FSe309X9FS,3) y . .6y 01150 -
o adlE T GO TOEREE e e s S e s [k e o o1 1 01160
| c 01170
o /O BT ol \ WL 5 R N e e A i 3 AL B f 01180
c 01190
i ——420 . DECODE(39+42191DUMMY) (PKAA(IsITPoIBR)91%194) sPKAAFS(1TP91BR) 01200
1PKAARS (1 TPs 1RR) . y 01210
2] . FORMAT (4X34F5¢395X04F5,3) ¥l R T il 01220
GO TO 100 01230
o - P My e S S A s LN Ty - pabor ELES o L ek 01240
c CASF CARO 01250
MRl . PR S o e i e L gl B The Bty + Tl 0 01260
440  DECODE (24944] 9 [OUMMY) (CASF(I+IBR) sI=144) 01270
* L TS oY, S S0 RS et S L o IS e, | ] T L 01280
G0 TO 100 ] © 01290
S L s g, | I TSNS M= imie” B0~ )l WOB DR BN N 01300
c VALU CARD 01310
\ i i, (> PR o b e - <% i 0:320
460 DECOOE (2494619 IDUMMY) (VALU(IIBR)sI=194) 01330
—46)—— FORMAT (4K9aFS5,0) .. . .. .= _ ..__ T PRERAES ) e e sk 01340
G0 TO 100 01350
e . i ils .. 01360
c STAG CARO 01370
ApPem O, LT 3 Lo "l _ 4 ] 5 B ; 01380
480 DECODE(10+4819+3DUMMY) NSTAGEsINDAPST : : 01390
tB@L.. - . EGMATIZEVBAZTR IR = L] i e 2 B el Tl e IR
60 TO 100 01410
b g by oY ths LR TON |8 e RN L SR i, LS TEe e  A e 01420
- c PKBE CARD 01430
| L (- 1 & oy BT ol o 01440
- 500 DECODE (34940) »1DUMMY) (PKESBD(191TP91BR) 91=194) sPKBEFS(1TP918BR) 01450
.-60 T0.100- . - LIS PR Y| == m i ¥ SR LT Y =g |} 01460
‘l c 01470
5 L L PRAE CARD e Ll Sl Iy e S K S r o I 01480
' c i i J 01490
—-510  OECODE(399421+JOUMMY) (PKESAO(IsITPsIBR) 91%194)sPKAEFS(ITP91BR) 01500
LIPKAERS (1TP s I8R) - | 01510
GO 10 100 ! 01520 S
c E 01530
. =20 e NSHL CARD e i : g = 01549
] c : 01550
_-520 - DECODE( 9+521s10UMMY) NSHL(IBR) .. o I & L. 01560 )
521 FORMAT (4X915) 0is70
SN G0 TN LoD = e ol e e e T N 01580
c : 01590
s - s PKSHACARQ == et g L R TN N S TR e ey 01600
c 01610
— 540 — DECODE (2495419 IDUMNY) — (PKSH(L9IBRYoI=lea) .. . _ 01620
S4l FORMAT(4X94FS5.3) : : ‘ 01630
i
et B-36 5
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FIGURE B-1 (cont'd)

= . GO TO 100 . -

C
—C-—-- - PKNS CARD

c
560 DECODE (24+541 ¢ IDUMMY) (PKNS(1+1BR) s1=144)
GO TO 100
STRT CARD
S @R i D SO
S80  DECODE (74+581+ IDUMNY) (MALoctl).xzx.ss)
__ 581 FORMAT(I2+4(2Xe8A2)) 5
NSTRTC(IBR)=NSTRTC (IBR) +1
—_____ DO 583 1=2+33 P a AN
1F (MALOC(I) .EQ. 2H ® .OR. MALOC(I) +EQ. gng-) MALOC (1) =2H=1
o DECODE(23582,MALOC(I}) IHOLD . ik S e
582  FORMAT(I2) .
o ___MALOC(I)=IHOLD s
583  CONTINUE
oo =NSTRTCLIBR)-—
D0 584 I=1+33
o NALOCS{IsJsIBR)=MALOC(I)
584  CONTINUE
60 10100

c
c __MGHI_CARD

C

__6QL_D£CODE (99601 1DUMMY) _JeWGHT(J9IBR)
601 FORMAT (1292X9F540)

_______50_1'0 _100

__C______REm CARD

__620 __DECODE (499621 2 IDUMMY) Jc(REIN(IvIBRcJ)»l’lob)O
l(RElNF(IolBR.J)-I =194)
__62)1___ EQRMAT(1292Xs4F5.0Qe5Xe4fSe00 . - —— —
DO 625 I=1+4
REINF (19 IBReJI=REINF(IsIBRsJI®le . . .
625 CONT INUE
GO .TO 100 BN A S T e R e
(4
. _OWGHE . CARD . ————— —

c

___630___DECODE (299631 s IDUMMY). (OWGHT(I)sI=195) _ . _ .
631 FORMAT (4Xs5F540)

Liges . 60 TJOZ100. -

C
- __NDIV CARD -

C
___ 640 _ DECODE(99521+IDUMMY! NDIVIIBR)
GO 10 100

DIVF CARD
650 DECODE(90651; IDUMMY !}
651 FORMAT (4XsF5,0)
G0 TO 100
Sy e
c DFRC CARD
o @it e




PAB-249

FIGURE B-1 (cont'd)

660  DECOOE (249441 [OUMMY) (DFPRED (I+1BR) o13194)
-~ GD 10 I00 .
c
— €--  NSAM CARD
c
.~ 670  OECOOE (144671 IOUMMY) NFSAM (IBR) sNRSAM (1OK)
671  FORMAT (4X+215)
————-60 TO 100 P
c
S S D s e

C
— 680 — _ODECDOE (2495419 JOUMMY) (PKFS(IsIBR)91I*144) _
6D TD 100

Tl e Lot e g e TGN o o b ne s

c PKRS CARD

___c_..____ s v 2 g e s gt 2 B Lo e C . g el
690 OECDOE (249541 s IDUMMY) (PKRS(IsIBR) sI=194)

Ll e QD uTIO) (HOE =t e v e
c

S ) 7YV Y S ——

c
Linby - H oI LIRING s i e i &
IHI=IL0%6
i, _DECODE (749701 s IOUMMY) ((FEBA(I14J) o 12142) s J=ILOy IHI)
701  FORMAT(4Xs14F5,0) '
.60-T0- 100 rrcp
c

2=lEt e e NBAELCARD s s s a s S
C
——-—-7-10--———DECDDE(1060711OIOUMNY)‘,»(ABAF('IOITPQIBR)01'138)
711 FORMAT (4Xe8FS5,0)
MR IO 00 = e s R e Iy S
C
WA s T P REARCAR Dol e e o0 = L B
C
720 DECDOE (99721 IOUMMY) PKFAFS(ITPsIBR) ..
721 FORMAT (4XeF5,3)
. B0 OO0 e o 2 e 2l
C
e IPKRAMCARDE o
C
——730.. -OECODE(14¢73]19]1DUMMY) PKRAFS(ITPOIBR)oPKBARS(ITPngR)
731  FORMAT (4X927543) i ;
SR {0 W ¢ (0 ) o) (¢ LS S e (e
C
o _..ENO..CARD-

(o
__ 800 DO B1l0 K=1e2 . i
JaNSTRTC (K)
. B 810 TIEled e e ¢ il
BUFFER OUT (Se1) (NALDCS(1sIeK)INALOCS(33sI:K))
—— IF(UNIT(9))-8100807+807 _ _ o R e Tl T
807 CALL ERR(21)
——810 - CONTINUE - —-—-- -~
RETURN
ENO-—
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FIGURE B-1 {cont'd)

SUBROUTINE STRAT

TYPE RESULTING FROM A SPECIFIED ALLOCATION Of A MINIMUM
ALLOCATION FRACTION TO MISSIONS. :

OOOOO

COMMON 7ZINPUT/ IM1SS(Bs402) 91GR1I0(119442) sLASTPINALOC(Bs4)y
INFRAC (% 92) oNSHL (2) sNSTAGE syNUAPSToCASF (492) 9 IPRINT(8) 9
LLITITLE (6) oVALU(%92) sPKBD (49492) sPKBDES (49%92) s XGRID(119492) ¢
L 1PKAD(4+492) sPKAOES (494 e2) sPKBA(4s492) sPKAA(Ge4e2)y
IPKESBD (49492) sPRESAD (494 92) sPKSH(492) 9 FPENS(492) 9RELIN(4929100)
L INGHT (100 +2) s XSORT (He%s2) »NDLV (2) s OWGHT (5) sNRSAM(2) osNFSAM{2) »
1PKRS (492) sPKFS(492) +ABAF (B1492) 9DLIVFP(2) s PKBAFS (492) y
-  IPKAAFS (492) sPKAARS (492) +PKAEFS (442) 9+PKAEKS (492) s PKBEFS (492) »
lPKFAFS(boZ)oPKRAFS(Qo?)’PKRARS(boB)oDFPRgD(k’Z)ofgﬁA(BoZS)g
o IREINF(4+2+100).
COMMON /WORKN/ NTYPE(2) sNMISS(492) sNMLSST(2) yNGR1D(492)
o~ . 1IBLURD(2) +NSTRAT (4s2) sNFULST (2) sNSTAToNINGAMs INPNT (3202) +
L1TPNT(3292) » IDEM(8) sNSTRTC(2) 9 IRA{100) s JRAC100) o LUNT9LUNOs
o INWORKsNSTAT2,1SINT (50042) s LUINT(10092) ¢ INPNT (3292)
COMMON /WORKL/ LOCST(500+2) sLOCBGsLOCEGIKUCKGIKOCEGILOCBVRY
— __)LOCHVBsLOCEVRsLOCEVBsLOCBPRsLOCHPBILOCEPRILOCEPBY ]
1KOCBVBsKOCEVB s KOCHVR s KOCEVR s JOCBVB 9 JOCEVE s JOCBVR s JOCEVR
—m-— — L1OCBVB s 10CEVR 10CBVRs IOCEVR T, . B
COMMON /WORK/ SPACER(IB8600) sSTRATS (8920004
LI/ L. e = el x o | ek g
c IF NWORK IS CHANGED IN IN1Ty THE LENGTH OF SPACER MUST
=G —— BE SET EQUAL - T0_ NWORK=6400. LA i =i
c : .
e __._ COMMON /SPARM/.MFRACsMMISSs1BRs1TYPEINSTOR(8) s IPNT(8) =
DIMENSION MSTOR(H) ] i i
e __NSTRAT(ITYPE,IBR)=0 _ S e e L
MISSN=NM1SS(ITYPE s 1BR)
— —— _FRACN=NFRAC(ITYPEs IBR) . 5 NS ST .-
IF(MMISS «NE. 0) GO TO 200
e .—-DO 100 1=19MISSN B ew e
STRATS(I+1sITYPE)=NSTOR(})/FRACN
—100_.._ CONTINUE : s , |
NSTRAT(ITYPE(IBR) =1 T
A . REJURN £of, 5 e : . T = o
200 IHI1=MFRAC+I
e | BT o)) 1) e N
IF(MMISS EQ, 1) ILOl=IH11
SRR NIRRT » (o)1 1) 1 U ) (o) 130 iy ) S L o
MSTOR(I)=11I-1
Lige IHI2=IHI1-MSTOR(L) 1
1L02=1
e 1F (MMISS EQ. 2)  ILO2=IHI2 i |
DO 400 I2=IL02y1H]2
2 i CMSTOR(2)=12-1
IHI3=IHI2-MSTOR(2)
Bl 1L0J3=) 3
1F (MMISS EQ, 3) ILO3=IH13
DO 400 I3=IL03sIKHI3 4 1 "
MSTOR(3)=13-1
= IHI4=THI3-MSTOR(3) AL Ry =4 d 5
ILO«=1
IF (MMISS +EQ. 4) ILO4=[Hl4 Lrlh g T i TNy o JY K .
00 400 I4=1Lu4sIHIA

B-39

/STRAT/ GENERATES THE PURE STRATEGLES FOR A PART1CULAR PLANE

00410
00120
00130
00140
00150
00160
00170
00180
00150
00200
00210
00220
00230
00240
00250
002060
002170
00280
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410
00420
00430
00440
00450
00460
00470
00480
00490
00500
00510
00520
00530
00540
00550
00560
00570
00580
06590
00600
00610
00620
00630
00640
00650
00660
00670
00680
006990
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FICURIL B-1 (cont'd)

MSTOR(4)=16~-]
IHIS=THI4=MSTOR («)
1L0531
1F (MMISS .EQ, 5) ILOS3[HIS
DO 400 15=1L05+1HIS
MSTOR (5) =15=1
IHI631HIS-MSTOR(5)
1LOb31
IF (MMISS .EO0. 6) ILO6=IHI6 _
00 «00 I6=ILN6IHI6
MSTOR(6)=16=]
1H17=1HI6-MSTOR(6)
1L07=1
IF (MMISS .EO, 7) ILOT=IH17
DO 400 17=ILOT+IHI7 -
MSTOR(7)=17-1
o —— IH1B3IHIT=MSTOR(T)
© 1LO8=1
___ __IF(MMISS .EQ, 8) ILOB=1H18
D0 400 18=1L08sIHIB
__MSTOR(8)=18~} I — g
NSTRAT (1TYPE « 1BR) =NSTRAT (1TYPEs 18R) 1
— e D0-300 1Z1MMISE e e T
JRIPNT(D)
- NSTOR(J)=HSTOR(I}— o -
300  CONTINUE
o J#NSTRAT (1 TYPE IOR) - oo —
DO 350 1=14MISSN
 _STRATS(L+Ja.ITYPE)=NSTOR(I)/FRACN
350  CONTINUE
L 4b6. - CONPINGE ol b lio
1F (NSTRAT (1TYPE¢1BR) +GT.
——— e RETURN. - o
END

200) CALL

e —— — GUBROUTINE TIMER - - e
(¢
——@-——— - /TIMER/-USES AN EMPIRICAL FORMULA TO ESTIMATL THE
¢ EXECUTION TIME REQUIRED FOR THE CURRENT RUN.
COMMON ZINPUT/Z IMISS(Bs492) 9 IGRID(119442) 9LASTPINALOC(8B4)
e INFRAC(%+2) +NSHL (2) sNSTAGE sNUAPST s CASF (492) ¢ IPRINT(8) s
llrlILE(6).VALU(Aoz).PKBD(A.A.Z).PKBDES(«.«&Z).xeklo(lloaoZ).
lPKAD(“v“vZ)OPKADES(QOQ'Z)oPKBA(hcth)vPKAA(Qo“.&)o -
lPKESBD(thOE)vPKESAD(“o“oZ)vPKSH(QoZ)oPKNS(“vZ)oRElN(Qv&OlOO)o
LWGHT (10092) s XSORT (89492} sNDIV (2) sOWGHT (5) yNRSAM () sNFSAM(2)
1PKRS (492} s PKFS (492) s ABAF (B9492) sDIVFP (2) sPKBAFS(492) 9
‘lPKAAFS(“vZ).PKAARS(h.Z)oPKAEFS(th)oPKAERS(#oZ)oPﬁHEfS(évZ)o
1PKFAFS(4'Z)oPKRAFS(h.Z)oPKRARS(%vZ);DFPREU(éoZ)oFEBA?ZoZG)o
_ 1REINF (492+100) : ] g i
COMMON /WORKN/ NTYPE (2) sNMISS (402) sNMISST (2) 9NGRID(492) s
llBLURD(Z)oNSTRAI(h.Z)'NFULST(Z)oNSFAToNlNGAMclMPNI(JZvZ)v
llTPN1(JZ'2)olDEM(B)oNSTRTC(ZlolRA(lOO)oJRA(lOO)oLUNloLUNOv
INNORK 9NSTAT2,1SINT (50002) 9 10INT(10092) INPNT (3292) : v
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FIGURE B-1 (cont'd)

COMMON /WORKL/ LOCST(SOOoZ)oLOCBGoLOCEGcKOQUG-KOCEGgLOCIVRo
lLocave.Loceva.Loceve.LocuPR.LocaPe.LOCEPR.LOCEPU.
lKOCBVBoKOCEVBcKOCBVRoKOCEVRoJOCBVB.JOCEVHoJOCBVRgJOQCVRo
110CBVBs I0CEVB s I0CBVR IOCEVR

COMMON /SINTvL/ IRLO(500) » IRHI(S500)

DIMENSION IFUNC(4) ¢ TIMEC(4) ¢ TIMEL (4)

0A1A(V=.12).(ucz.oe-3).(x=1.2e-5).(vca.ac-q).(z-g.oc-a

DATA(IFUNC=SHSEIUPc7H8ATTLES¢5HGAMLSv5HTOIAL) i

IHI =NFULST(D) <

THI2ENFULST (20 oo e e b v o o =

TIMEC(I)=2.0

TIMEI (1) =2.0 s

NTPaNTYPE (1) eNTYPE (2)

NPNTS=1- .

Do 100 I=IsNTP

NPNTS=NPNTS*2

CONTINUE

NBATLS=0 T T

TIMEC(3) =0,

D0 200 I=QeIHIT oo —

NBATLS=ENBATLS¢IRHI (11=1RLO(I) +1

CONTINUE ) e T et

TIMEC (2) =NSTAT®NDAPST#NBATLS®W
S TIMEI(2)=NSTAT®Y . . . .

DO 500 I=1+NSTAGE

ICNT=0

Do 300 J=1vIHII

IF (ISINT(JeI) oNEo IDINT(Iel)) GO TO 300

ICNT2ICNTel d

CONTINUVE -

JCNT=0
. DO 400 JslelHI2Z —— - ety o

IF (ISINT(Js2) oNE. IDINT(Is2)) 60 TO 400

et o JENTEJENT T e o i e s Rt
400 CONTINUE :
»—TIMEC(3)=TIMEC(3lOICNT’JCNTf(YONTPQXfNPN[S)fZ'(lQNT'JCNI)
500 CONTINUE .
e _TIMEC(3)=NSTAT®*TIMEC(J) PRl S T AT Y Jedei

TIMEI (3)=NSTAGE#*NSTAT®Y

IFCIPRINT (4) JEQs 1) TIMEI(2)m2.*TIMEI(2) . . . .

IF (IPRINT(4) +EQe 2) VIMEC(2)=0,

TIMEC(4)=TIMCC(1)#TIMEC(2) ¢TIMEC(3) 0 —

TIMEI (4)=TIMEI (1) ¢ TIMEL (2) ¢ TIMEI(3)

e . ——— WRITE(LUNO»600) . - s ot S e
600 FORMAT(1H1///10X¢40HCDC 6600 TIME ESTIMATES FOR CURRENT RUN
il ‘19H(SECONDS)//l6Xo&HFUNCTIONoﬁXoSHCPU'TlHﬁg}XodHI/O‘TLME/)
DO 700 I=1+3 ) . .
. WRITE(LUNO»0OS0) IFUNC (1) o TIMEC (1) o TIMEL (D).
650 FORMAT(16XsA799XsF8:193XeF8e1)
—_700  CONTINUE = 4l = A s a4
WRITE (LUNOs750) IFUNC(4) s TIMEC(4) ¢ TIMEL(4)
———750—__FORMAT(/leoA7o9XoF8.loJXoFBol///)». e
RETURN
END-— LIAE-ST s
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FIGURE B-1 (cont'd)

SUBROUTINE TRIALS 00110
c : 00120
c /TRIALS/ COMPUTES THE MAXMIN ANO MINMAX BOUNUS ANO PERFORMS 0013¢
BAC.. THE FORWARO EVALUATION FOR A TRIAL AIKWAR OF SPECIFIED 00140
c LENGTH BEGINNING WITH A SPECIFIED NUMGER OF wLUE AND RED eo150
reqC PLANES. /TRIALS/ COMPUTLS THESE VALUES USING THE OPTIMAL 00160
(" STRATEGIES AND VALUES PREVIOUSLY DETEKMINED WY /GAMES/, ©0L70
elG 00180
COMMON /INPLT/ 1M155(e.«.2).10&10(11.4.2).LAsrp.NALOC(e.A). 00199 |
e — INFRAC (492) sNSHL(2) sNSTAGE +NOAFST s CASF (492) s IPRINT (8) » ! 00200
1ITITLE(6) sVALU(%02) sPKBO(4e492) s PKBOES (49492) ¢XGRIO(I 19427y 00210 |
o 1PKAD(49%+2) sPKAOES (494 92) sPKBA(616+2) sPKAA(Gs4¢2) o 00220
1PKESBD(49692) o PKESAO(S4 9492} sPKSH{492) sPKNS(%92) sKEIN{4929100) s 00230 i
IWGHT (10042) 9 XSORT(E9692) sNOIV(2) yOWGHT (5) sNRSAM(2) oNFSAM(2) s 00240 i
{ lPKRS(“oZ)OPKFS(QOZ)OABAF(BQROZ)ODIVFP(Z)OPKUAFS(QOZ)O 00250 l
] e _IPKAAFS(492) yPKAARS (492) sPKALFS(992) 1PKAERS (092) s PKBEF S(492) o 00260
1PKFAFS(492) sPKRAFS (492) »PKRARS (492) sDF PREV(492) oFEBA(2928) ¢ 00270
e _1REINF(4+2+100) 00280
{ COMMON /WORKN/ NTYPE(2) yNMISS(492) sNMISST (2) yNGRID (492) s 00290
-~ 1I3LURO(2) sNSTRAT (442) §NFULST(2) yNSTAT «NINGAMy IMPNT (324209 00300
1 1ITPNT(3242) o IDEM(8) sNSTRTC () s IRA(IOU) ¢ JRA(L00) o LUNI sLUNO's 00310
e INWORKsNSTAT2, ISINT (50042} s ICINT(100+2) ¢ INPNT(32+2) _ 00320
COMMON /WORKL/ LOCST(500+2) »LOCBG+LOCEGsKOCBGIKOCEGILOCBVRY 00330
| —-1LOCBYBsLOCEVRsLOCEVBILOCBPRyLOCEPB s LOCEPRYLOCERPS 00340
1KOCBVB+KOCEVHE +KOCBVR 1KOCEVR + JOCEVB » JOCEVN + JOCBVR ¢ JOCEVR 00350
~.110CBVB+ 10CEVH ¢ I0CBVR+ IOCEVR L 00360
1 COMMON /BPARM/ CNP(492) 9189 IR9XNP (996492) sUBJEC(2+5) 00370
3 ‘ ——__.__COMMON ZINTERP/ aLTAtz.B).IuETAtz.e)o11.14.13-1~olaolb-17oleo ¥ 00380 l
1IHI1 o IHI2 s IHI3 s IHI4e IHISsIHI6s 1HY 74 IHIB 00390
.~ __COMMON /WORK/ XARRAY(25000) 00400 ! ;
DIMENSION IOPTN(S5) oIOUT(10)9JOUT (492) sJOPTN(S) s IARRAY (1) 00410
“ —— . DIMENSION IPLAL(100+2)+X0BJF(3+100)9TXOBJF (3) : 00420
EQUIVALENCE (XARRAYsIARRAY) 00430
__COMMON /ROUND/ JDEX (44242) i s St k. 00440
DIMENSION MVEC(I) yNVEC(I) 00450
— - EQUIVALENCE (MVECsJDEX(1s1s1)) s (NVECIJOEX(191s2)) _ 00460
DATA(JOPTN=5(0)) 00470
NTRIAL=0 00480
100 READ(LUNI+110) KEY.MSTAGE.(lOpTN(x)91-1.5).((CNP(I.K).‘-loa). 00490
__1K=142)-- il 2 00500
110 FORMAT(ASQJK.IZOEKOSII01X02(’4F5 005!)) 00510
ST IF (EOF (LUNI)) 9904120 = 00520
120 1F(KEY .EQe SHTRIAL) GO TO 200 00530 }
= “IF(KEY «EQe SHFINIS) GO TO 990 . .. _ _ et v X 00540
CALL ERR(IT) 00550 ;
——-——60 70100 - -—— - 00560 |
200 IF(MSTAGE .LEe NSTAGE) GO 10 240 00570 {
it — CALL ERR(18) = — LB e 3 00580 -
60 TO 100 : ‘ 00590
——240 ---D0 250 K=192 -~ —— - - el 2 T o 00600 *
DO 250 I=1+4 00610
—— JUPSNGRID(IsK) - - —— b a4 e | e -00620 . E
IF(CNP(I+K) ,GTe XGRID(IUPoI-K)) 60 ro 270 00630 I
——250— CONTINUE =R T = e ek &l £ : 00640 1
G0 TO 300 00650 !
e B0 CAISL ERRANO e e o : + - 00660
G0 7O 100 00670
=005 SREMIIND et o n bl L el T . 00680
E ‘ B-42 !
{
! s
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TIGURE B-1 (cont'd)

REWIND 8
REWIND 9
TOBJF=0.
DO 305 Keled - —
DO 305 I=ié
- JOUT (1+K)=CNP (T9K) +45
3u5  CONTINUE
. NTRIAL=NTRIAL$I -~
NSK1P=NSTAGE=MSTAGE
e IF(NSKIP LEQ, 0) GO TO 400
DO 350 I=1sNSKIP
o BUFFER IN (Ty1) (IARRAY(L.OCBVB)+1ARRAY(LOCBVE))
IF (UNIT (7)) 3200310¢310 a
_-310 . CALL ERR(14) . N 4
320 BUFFER IN (8,1) (1ARRAY(LOCEPB) + IARRAY(LOCBPBI)
T __IF(UNIT(8)) 35013404340 8-S il
340 CALL ERR(15)
350  CONTINUE 4 :
%00  BUFFER IN (741) (1ARRAY(LOCBVB) s+ TARRAY(LOCEVR))
e IF(UNLIT(T)) 41004051405 it
405  CALL ERR(14)
el S e il e R -
c COMPUTE MAXMIN AND MINMAX
A ; N

DO 420 K=1ls16
. -MVEC(K) =0 . L MS o, WG
420 CONTINUE
e .-DO.460 K=1e2
L=s3=~K .
TUPSNTYPE(L) e

DO 460 J=1sIUP
S ) | 4 ol b s
DO 440 M=ls1
e — _TIF(CNP(JsL)=XGRID (MeJsL)) 45014459660
440  CONTINUE ' '
- M=1]) -
4645  N=0
—— 450 - MmM-]
JOEX (JsL oK) =M
e JDEX (JoL oL ) =M=N -— - ——-
460  CONTINUE
18S=1STATE (MVEC) =1
IRS=1STATE (NVEC) =1
XMIN=XARRAY (LOCBYB+18S5)
XMAX=XARRAY (LOCBVR+IRS)

PERFORM FORWARD EVALUATION FOR SPECIFIED TRIAL

DO 700 M=1sMSTAGE
MSLOC=M+NSKIP
NSLOC=MSLOC*]
BUFFER IN (841) (1 ARKAY (LOCBPB) » TARRAY (LOCEPR))
IF(UNIT(8)) S109505s505 -
_..505.. CALL ERR(15) 1
s10 CALL BETAS
e DO.600 N=le8 - 0 -t
MVEC(N)=1BETA(1¢N)
o IF{BETA(lsN) oLTs_BETA(2eN)) MVEC(N)=IBETA(2oN) ..
600  CONTINUE 7
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I'IGURE B-1 (cont'd)

IS=ISTATE (MVeC)=1 01280
I8=1ARRAY (LOCBPB¢IS) 01290

- JR=1ARRAY (LOCBPR*1S} i 01300

IPLAL (Ms1)=LOCST(1Bs1) 01310

1PLAL (Me2) =LOCST (1R 2) . : JCl 01320

CALL BATTLE 01330

- B0BJ=0, —_— = o - 01340
R0BJ=0, 01350

DO 605 I=193 ) 01360
B80BJ=B0BJ+0BUEC(1) l)'OwGHT(l) 01370

e meom - ROBJ=ROBJ+OBJEC (29 1) *OWGHT (1) 41 % o 01340
605 CONTINUE 01390
. DBJFSBOBJ*WGHT (MSLOCs1)-ROBJ®WGHT (MSLOCs2) i) . : 01400
TOBJUF=TOBJUF +0BJF 0lalo

e JFCQQOPTN(I) - (NEe-0)- GO TO-630 — . S - . .01420
ICNT=0 ; r A 01430

o DO N0 KGR TN B . ; e e e ) ~ 01440

DO 610 I=1y4 01450

o _JCNT=ICNTs1 = A 5 , f . . 01460

10UT CICNT)=CNP (19K ) #45 01470

e CNP (19K)=REINF (19KoNSLOC) *CNP (IsK) +REIN(1yKoNSLOC) . 01480

610  CONTINUE 5 01490
10UT (9)=0BJF +SIGN(45+08JF) P OIS Eab) 01500 _

10UT (10)=TOBJF+SIGN (.59 TOBJF) 01510

____BUFFER OUT (9sl) (IOUT»IOUT(10)) _ : _ _ 01520

IF(UNIT(9)) 63016209620 01530

620 CALL ERR(20) ___ ploe AT | el . _____0bls540

630 IF(IOPTN(3) .NEe 9) GO TO 700 01550

. DOL 6O TFL D e il 101560

xoaJF(1.M)=03JEC(1.1)°HGHT(MSLocol)-oaJEC(a.x)ouGHT(MSLoc'Z) 01570

640 __ CONTINUVE . v'—2 e e (A= T = S 580

700 CONT INUE 01590

P N = b el WL T = T Mg i 01600

(o WR1TE DESIGNATED OUTPUT FOR CURRENT TRIAL 01610

aada % od L 4 . = 01620

IF ( (NTRIAL= 1)/25'25 +EQe NTR1AL=1) GO TO 720 01630

. D0-710.1=143_ R e o L 01640

IF (JOPTN(I) .EQs 0) GO TO 720 0l650

__710__ . CONTINUE By Aty e & L . ; ~ 01660

G0 TO 730 01670

__720.. MRITE(LUNO»725) _ P, . ; 01680

725  FORMAT (1H1y//8X96HNUMHER X9 26HNUMBER OF PLANES AVALLABLE27X 01690

T Lv6HMAXMIN/ 9 1XeSHTRIAL 94X 9 2HOF $5X9 16H===== BLUE =-===y4Xy - 01700

116H==eee RED ====e=p4Xo4HBLUE 15X IHRED»TX92HVSs/ 91Xy 01710

. 113HNUMBER STAGESs3X9s16HI 2 3 494K ! 01720

116M1 2 3 Q93X06HMAAMlNo3X06HM1NMALo3X;6HM1NHAX) 01730

__730_ IMIN=XMIN+SIGN(+5sXMIN) . B : 01740

' IMAX3XMAX*STIGN (e SeXMAX) 3 J 01750

_10BJF=TOBJF¢SIGN(.SsTOBJUF). _ = . a0 e . 01760

DO 735 I=1+5 : 01770

—— -~ JOPIN(I1)=10PTN(D) Al ~ol780

735  CONTINUE 01790

WRITE (LUNO»740) NTRIALsMSTAGE s ( (JOUT (1K) 9Imls4) sK=102) e lMINy 01800

1IMAX 108UF ’ i i PR 01810

740 FORMAT(/2Xs13+5X91292X981592(1891X)018) - o o — .. 01820

IF(IOPTN(1) (NEe. 0) GO TO 850 01830

REWIND 9 == g == gl e - LA . 01840

DO 840 I=].MSTAGE 018%0

IF(CI=~1)/50850-eEQe—I=1) -WRITE(LUNO»8UO0) NTRIAL- L ) ____ 0lseo
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FIGURE B-1 (cont'd)

FORMAT (1H1e//721.XKe I2HTR]IAL NUMBEROIS//IEXOIQHNUMBLR Of BLUE+7Xs
113HNUMBER OF REDOBK'&HMAXMIN’/Olx.f’HsTAGﬁ,s’n,
12 (16HPLANES ﬁVAlLABLE'SX’O3X’2HVS’/'IXOGNNUHHERO“XO
12(16H] 2 3 QOSX)olkobHMlNMAXoﬁkobHTOTAL/)
BUFFER IN (9,1) (I0UT»I0UT(10N)
IF(UNIT(%9)) 81098059805
CALL ERR(20)
WRITE (LUNO+820) I1o (IOUT(J) s d=1410)
FORMAT(lXol“oZXoZ(lXo“lS)02K0219)
CONTINUE oy .
IF(IOPTN(2) NEs 0) GO TO 900
. DO 890 K=1+2 - - - L
IUP=NMISST(K)
DO 890 I=1+MSTAGE — —--
IF((1=1)/750%50 «NE. 1-1) GO 10 865
- WRITE(LUNO»860) NTRIAL s IBLURD(K) »
I(ITPNT(JOK)olHPNl(JoK)oJ=lolUP)
- 860 — FORMAT (1H19//21Ks 12ATRIAL NUMBER 9 159/713K0 -+
13I1HPLANE ALLOCATION FRACTIONS FOR oAGs// 9 LXoSHSTAGE 916X
—— 118HPLANE TYPE/MISSIONO/;IXO(’HNUMOEROSXO ( A ’ =
13(12(11e1H/01142X)712X)) '
—_ CNRITENLUNO® BEHB): oo e st e gt ot smstarim i S S T
862 FORMAT (1H )
_BIEEE. oS P EALIGL eI e L S e s e e e e
1TP=1LO¢IUP=1] '
e WRITE(LUNO+880) Lo (XARRAY (J) o J=ILOWITP) _
880 FORMAT(lXo1405X93(12F5.2’/010X))
_ 890 CONTINUE. . Tl i
900 IF (10PTN(3) L NEs 0) GO TO 100
. -D0.905.1%1e3 .. . — - - ARSI e
TX0BJF (1)=0
__-90S5-_ .CONTINUE =
Do 930 I=1+MSTAGE
o IFt(I-1)/50%50 +EQ. 1-1) WRITE (LUNO+910) NTRIAL

910  FORMAT (1H1//21Xe I2HTRIAL NUMBER s 1597/ 12X ¢ #HBLUE=RED » 15K »
1SHBLUE=RED/1X+5HSTAGE +8X 9 3HCAS 918X BHGRND*AIRs 17X 4HFEBA/
L1 Xs 6HNUMBER » 5X » SHF IREPOWER +4X s SHTOTAL »5X 9 9HF IREPOWER 44X
o ISHTOTAL +5X+B8HMOVEMENT$5Xs5HTOTAL/) . = . '
DO 915 J=143
o TXOBJF (J)=TXQBJF (J) +X0BJF (Js 1) -,
Ka2#J
1OUT (K=1)=X08JF {Js 1) ¢SIGN(+S9X0BJF (Je 1))
LOUT (K) aTKOBJF (J) ¢SIGN(45+TXO0BUF (41~
BEPY T S .Y, 1Y) § 11 S ———— A
WRITE (LUNO+920) 1+ (IOUT(J)eJ=1s6)
920 FORMAT (I1XsI4y2Xe3(3X22110))
930  CONTINUE
= .60 T0 100 5
990  RETURN
LA 1
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FIGURE B-2
ATACM2 LISTING

PROGRAM ATACM2 (OUTPUT TAPE4£65+TAPESsTAPLO=0UTPUTTAPET =65, 00110
1TAPLR=65¢TAPES=6b) A - 00120
C 00130
i c /ATACM2/ AND ASSOCIATED SUBROUTINES ARE USED TO EVALUATE 00140 3
c TRIAL AIRWARS USING THE OPTIMAL STRATEGIES AND GAME VALUES 00150
c INPUT FROM A TRIAL-TAPE WRITTEN OURING A PREVIOUS RUN 00160
c OF /ATACM1/. 00170
G2 e—e - : 00180
COMMON /ZINPUT/ IMISS(Be402) 9 IGRID(119492) sLASTPINALOC(B94) 00190
. _INFRAC (4+2) yNSHL (2) yNSTAGE +NUARSToCASF (492) o IPRINT(B)y = 00200
LTITITLE (6) o VALU (692) +PKBC (49692) +PKBDES (49492) +XGRID(111492) 00210
e _1PKAD(44692) yPKADES (49492) sPKBA(G1492) yPKAA(G9442) 00220
lPKESBD(#oth)oPKESAD(#o‘HZ)0PKSH(‘H2)oPKNb(‘ﬂZ)OREIN(Q'Z'lOO)' 00230
o 1WGHT(100+2) +XSORT (Bs492) sNOLV (2) sOWGHT (5) +NRSAM(Z) oNFSAM(2) » 00240
IPKRS(“'Z)'PKFS(‘OOE)'ABAF(B'“'E)'DIVFP(Z)OPKBAFS(‘_‘OE)' 00250
.. 1PKAAFS (492) +PKAARS (492) sPKAEFS(692) 9PKAERS (492) ¢ PKBEFS (492) 00260
LPKFAFS(492) s PKRAF S (492) sPKRARS (492) sDFPRED (492) +FEBA(2128) 9 00270
o —-)REINF (4+2+100) : s g e - DRSO
COMMON /WORKN/ NTYPE(2) sNMISS(492) sNMISST (2) 9yNGR1ID (692) ¢ 00290
e _11BLURD(2) yNSTRAT (492) sNFULST(2) sNSTATININGAM IMPNT (32+2) : 00300
LITPHT (32+2) 9 10EM(8) sNSTRTC(2) 9 IRA(100) + JRA(100) syLUNIsLUNO 00310
INWORK sNSTAT2,I1SINT (500+2) ¢ IOINT(10092) + INPNT (3292) ———e - BO3Z0
i COMHGN /WORKL/ LOCST(500+2) +LOCBGsLOCEG»KUCKHG +KOCEGILOCBVR 00330
——— JLOCHVE +LOCEVR>LOCEVH+LOCBPRsLOCBPE + LOCEPR +LOCEP S 0 e, Sk, 00340
1 1KOCBVB +KOCEVB s KOCBVR +KNCE VR » JOCBVB o+ JOCEVEB + JOCBVR 9 JOCEVR 00350
110CeVB e 10CEVB s 10CBVR IOCEVR TS of M TS DA T e “E (1) )10
\ -COMMON /WORK/ XARRAY(25000) ' © 00370
— " COMMON /ERROR/ IERR A = g : B (1)
DIMENSION INPUTZ (2680) +WORKNZ (1640) s WORKLZ (1024) +WORK2(25000) 00390
— ___DIMENSION 1ARRAY(10000) =i SRR T » ¥ 00400
DIMENSION JGRID(1198) 9 JPRINT(8B) 00410
o _EQUIVALENCE .(IM1S5S,INPUTZ) s (NTYPEsWORKNZ) » (LOCST9WORKLZ) . 00420
EQUIVALENCE (IGRIO#JGRIO) ’ i ! 00430
e EQUIVALENCE (XARRAY s IARRAYsWORKZ) Bl 8 4 vl g Dl it o o 00440
BUFFER IN (491) (INPUTZyINPUTZ(2680)) 00450
____IF(UNIT(41) 20091509150 . WS ] e LB - i, S 00460
150 CALL ERR(22) 00470
___ 200 _ BUFFER IN (4,1) (WORKNZsWORKNZ(1640)) A b 00480
IF(UNIT(4)) 30091509150 00490 v
__300___ BUFFER IN.(4s1)_(WORKLZsWORKLZ(1024)) ¥ o s, 00500 :
IF(UNIT(4)) 40091509150 00510
___400___BUFFER_IN_(4s1)_ (WORKZsWORKZ(NWORK)) __ d e S e, . N0QEE0
IF(UNIT(4)) 41091504150 00530
___410.__DO 4B0 I=1sNSTAGE ) 9 s e 00540
BUFFER IN (4,1) (IARRAY(LOCBVH)»IARRAY (LOCEVR)) 00550
o JF(UNIT(4)) 61596509450 __ el Sy . L < S T N
415 BUFFER OUT (7+1) (IARRAY(LOCBVB)+IARRAY (LOCEVR)) 00570
& _IFAUNIT(7)) 420014600460 . : = . RE T 00580
420 BUFFER IN (441) (IARRAY(LOCHPB)sIARRAY (LOCEPR)) § 00590 » :
_ _IF(UNIT(4)) 42514500450 _ e e L £ = 2 00600 ;
425 BUFFER OUT (3+1) (1ARRAY(LOCBPB)+I1ARRAY (LUCEPR)) 00610
i IF(UNLIT(B)) _4B0+470+470 ___.. . ___ . _. o e L ). 00620 £
450 CALL ERR(22) . 00630
. SCADNL e s I S B NS e gl LA 00640 4
470 CALL ERR(13) 00650 1
___4B0____CONTINUE _ . _ [ T¥ g - i 00660 1
READ (LUNT9490) IKEYs (JPRINT(1)+1=1+8) 00670 1
. 490 FORMAT(A397Xe81)) _ ___ . o i b e el o 00689
d ] IF(IKEY oNEe« 3HRUN) CALL ERR(16) 00690
E .
B-46
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FIGURE B-2 (cont'd)

IF (JPRINT (1) +EQe 0) CALL PRNTIN
IF (JPRINT (2); «NEs 0) GO YO 709
DO 560 K=142 .
IHI3SNMISST (k)
IHIl=NFULST (K)
D0 560 I=1s1HI1
1L02=LOCST (1K) o
IHI2=ILO2+NMISST(K) =1
S 1F((1=1)/50%S0 o NE. l=1) GO TO 538
WRITE (LUNO+530) 1BLURD(K) o (LTFNT (J9K) o IMPNT (J9K) 9 JwlyIHI3)
—530 - -FORMAT(1H1///91TXsASe1SHPURE STRATEGIES//96H STRAT,4X14riLAST
112X+ 18HPLANE TYPE/MISSION/ ¢ 7H Nunsenosx.snsrAseosx.
~14(10(TI1elH/e1192X)/720K)) . - S :
WRITE (LUNDS235)
—--635 - FORMAT(1H ) o —-
538  WRITE(LUNO+540) loISINT(IoK)o(XARRAY(J)oJ'ILOZoIHIZ)
—540  FORMAT(1XeISs5Xe1394X94(10F5e20/918X))
560 CONTINVE
—-~700 --IF(JPRINT(3) (NE.-0) GO TC 800- — ..
, - 1CNT=0
et -~ NGL=NGRID (T 01 ) — -
‘NG22NGRID (291)
e~ NG3I=ENGRID (391 ) o oo o -
NG4=NGRID (49 1)
i —NG5=NGRID (19 2)
NG6=NGRID (29 2)
e - NGTANGRID ( 39 2) - ommm e o m e
NGBaNGRID (492)
———-—D0-730 1121 ¢yNG] ——mi - — oo e .
730 12=1sNG2
e DO 730 I3=1eNG3I- - -
00 730 16=19NG&
——— —-D0-730 IS5=1sNGS  —
00 730 16=14NG6
—— D0 730- 172 NG
DO 730 18=1ynNG8
- ICNT=ICNT ¢l . : ' S
IF((ICNT=1) /50950 .EQ. ICNT=1) WRITE(LUNOs710)
.FORMAI(lHlo//lBXo27HLlSI OF ALL POSS1BLE STATES+//6H STATEs
115X s4HBLUE 927X 9 3HRED 9/ 7H NUMBERsTX92(19H1 2 3 4y
111X} /) - p .
HRIIE(LUNO.??O) lCNIoJGRID‘Ilol)oJGRID(IZoZ)oJGRlD(13v3)o
1JGRID(I494) 9 JGRID(I595) 9 JGRID(I696) s JGRID(1797) 9 JGRID(1898)
FORMAT (1X 9 I594X92(41696X)) i .
CONT INUE
CALL TRIALS
END

In addition, ATACM2 uses su.broutines

BATTLE
BETAS
ERR
ISTATE
PRNTIN
TRIALS
PKILLS

all of which are listed under ATACM1.




‘ PAB-249
TABLE B-3

X ) VARIABLES MOST FREQUENTLY USED
‘. IN ATACM1 AND ATACM2

] Subroutine or ’ i
Varable COMMON Description

4 ABAF{,), k) INPUT Fraction of type § aircraft on side k assigned to
' the ith mission which is vulnerable to airbase
attack.

ALPHA GAMES Coefficient used in the linear interpolation
algorithm to weight the objective function value
f corresponding to that point in the state space
currently being examined.

ATTK BATTLE Number of ABA sorties flown against the opponent's
airbase during the current one-cycle battle.

5 BETA( ,J) INTERP Weights used to linearly interpolate an objective
; function value for a point lying between two
adjacent grid levels in dimension j. BETA(1,)) is
the weight for the value corresponding to the
lower level; BETA(2,j) the weight for the higher
level.

L .

BMIN{i) GAMES Minimum value in the ith row of the game matrix
[ for the current state.

BOBJ INIT Value of Blue's contribution to the objective
TRIALS function.

BTFP BATTLE Total ground firepower delivered by Blue during the
current one-cycle battle,

CASF(j , k) INPUT Firepower per CAS sortie for an aircraft of type J
on side k.

CASO k) BATTLE Total CAS firepower delivered by side k during the
current one-cycle battle.

CHECK GAMES Objective function value resulting from using spe-
cified Blue/Red strategies for one stage followed
by the use of optimal conservative strategies by
both sides for all subsequent stages. Used to
compute MAXMIN/MINMAX bounds. >

CHECKB GAMES Analogous to CHECK. Used to compute Blue's
optimal MAXMIN play. X

CHECKR GAMES Analogous to CHECK. Used to compute Red's
optimal MINMAX play.

CNP(j k) BPARM Current number of planes of type j on side k.

. |
oy B-48 i




PAB-249
TABLE B-3 (Cont'd)

Subroutine or
Variable COMMON Description

CNPV () BATTLE Current number of planes of type § vulnerable to
the opponent's airbase attackers.

DELTA() 1PARM Distance between adjacent "fine" grid levels in
dimension §.

DFPRED (], k) 'INPUT Division firepower reduction produced by a CAS
sortie flown by aircraft type j on side k.

DIVFP(K) INPUT Firepower produced by a ground division of type k.o

FEBA(, ) INPUT ith coordinate of the jth point in the set of points
which define FEBA movement as a function of
Blue/Red force ratios.

Denominator of the minimum allocation fraction
for the current aircraft type.

Ratio of Blue ground firepower to Red ground fire-
power for the current one-cycle battle.

Work array used to store strategies, battle
assessments, and MAXMIN/MINMAX plays and
objective function values. EQUIVALENCED to
XARRAY .

1B Index of the strategy employed by Blue in the
current one-stage battle.

1BETA(-,J) Indices of grid levels lying on either side of an
interpolation point in dimension J. IBETA(1,]) is-
one less than the subscript corresponding to the
lower grid level; IBETA(2 ,§) is one less than the
subscript corresponding to the higher.

IBH High bound on the range of stages over which
the current Blue strategy can be played.

1BIT(i) Rightmost bit in the ith 7-bit byte of the word
used to store the results of a one-stage battle
assessment. From left to right, bytes 1-4 are
used to store levels of Blue aircraft of types 1-4;
bytes 5-8 levels of Red aircraft of types 1-4.

1BL Low bound on the range of stages over which the
current Blue strategy can be played.

1IBLURD (k) Hollerith constant equal to "BLUE" if k=1 or
"RED" if k=2,
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Subroutine or
Variable COMMON Description

IBPLAY GAMES Index of Blue's optimal MAXMIN strategy.

IBR (k) BPARM Index of the strategy employed by side k in the
current one-stage battle.

IDEM(*) WORKN Array of constants used to compute the number of
the state corresponding to a set of grid-level
indices. Constants are assigned in INIT,

IDINT & , k) Latest stage for which the set of strategies avail-
able to side k during stage t are applicable.

IDUMMY(+) Array used for temporary storage of input parameters
prior to their being decoded.

IERR Flag indicating the severity of the last diagnostic
message printed.

IETYPE({) Severity code associated with diagnostic i. Codes
1,2, and 3 correspond to "INFO", "ERROR", and
"ABORT" respectively.

IGRID(,],k) ith grid level assigned to aircraft type j on side k.

IHEAD(-,*) Array of explanatory titles used to print input para-
meters in an easy-to-read format.

IKEY Card key on the current input card.

IMAX ‘Rounded MINMAX bound on the value of the objec-
tive function for the current trial.

IMESSG(- ,1) Diagnostic message associated with error code i.

IMIN Rounded MAXMIN bound on the value of the objec-
tive function for the current trial.

IMISS(i,j, k) Code of the ith mission assigned to aircraft type j
on side k.

IMPNT(i,k) ith mission code assigned to aircraft types on
side k.

INPNT(i, k) Index, within an aircraft type, of the ith mission
code assigned to all aircraft types on side k.

INPUTZ(-) Single array EQUIVALENCED to COMMON block
INPUT.

10B] Blue's contribution to the value of the objective
function resulting from a one-stage battle.
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Subroutine or
Variable COMMON Description

10BJF TRIALS Rounded cumulative value of the objective function
produced by playing optimal MAXMIN strategies
against optimal MINMAX strategies during the
current trial.

IOCBVB Beginning location of the area us ed in XARRAY to
store current-stage MAXMIN values for Blue.

JIOCBVR / Beginning location.of the area us ed in XARRAY to
store current-stage MINMAX values for Red.

IOCEVB End location of the area used in XARRAY to store
current-stage MAXMIN values for Blue.

IOCEVR End location of the area used in XARRAY to store
current-stage MINMAX values for Red.

1OPTN() value of the ith print option specified on the
current TRIAL card.

IP1ALE ,K) Beginning location in XARRAY of the optimal alloca-
tion fractions used by side k during staget of the
current trial war.

IPNT() Index of the ith strategy for which an allocation
fraction is not specified.

IPPNT({) Pointer indicating the dimension in the state
space which corresponds to the ith aircraft type
assigned.

IPRINT() INPUT Value of the control parameter specified for the
ith print option on the RUN card,

IR BPARM Index of the strategy employed by Red in the
current one-stage battle.

IRA(-) WORKN Array of indices used in conjuction with the ran-
dom access file TAPE2.

IRHI(1) SINTVL High bound on the range of Red strategies which
can be played against the ith strategy of Blue.

IRLO({) SINTVL Low bound on the range of Red strategies which
can be played against the ith strategy of Blue.

IRPLAY GAMES Index of Red's optimal MINMAX strategy.

ISINT({, k) WORKN Latest stage for which the ith strategy available
to side k is applicable.
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g Subroutine or

| Variable COMMON Description
E { ISTAT GAMES Number of the state corresponding to a set of grid
levels. x
i ITITLE(:) INPUT Array used to store the run title as specified on

the RUN card.

i ITP READIN Flag to indicate whether the parameters on the
| { current card are for 8lue or Red. ITP=i corres-
| ponds to Blue, ITP=2 to Red.

ey

ITPNT(1,k) WORKN Aircraft type to which the ith mission on side k is
assigned. A
ITYPE SPARM Aircraft type for which the current strategies are :

being generated.

IVERT(*.}) GAMES An NPTT-tuple of 1's and 2's representing the jth
{ ! vertex of a "cube" in the state space. The number
| of possible tuples equals LPTT.

IWORD GAMES Word containing both Blue and Red contributions
INIT to the value of the objective function resulting
from a onhe-stage battle. Blue's contribution is
packed into the leftmost 30 bits, Red's in the
rightmost 30 bits.

JBETA(: ,j,k) IPARM Indices of grid levels lying on either side of the kth
“fine" grid level in dimension j. JBETA(L,j k) is
one less than the subscript corresponding to the
lower grid level; JBETA(2,]j,k) is one less than

the subscript corresponding to the higher.
‘ JDEX(+, * +K) ROUND Arcay of grid-level indices used to compute the
{ state resulting from rounding the numbers of air- }
craft on side k down and the numbers opposing i
side k up. g
JOBJ GAMES Red's contribution to the value of the objective 3
INIT function resulting from a one-stage battle.
JOCBVB _’WORKL Beginning location of the area used in XARRAY to 1 ]

store next-stage MAXMIN values for Blue.

JOCBVR WORKL Beginning location of the area used in XARRAY to
store next-stage MINMAX values for Red.

JOCEVB WORKL End location of the area used in XARRAY to store
next-stage MAXMIN values for Blue.
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Subroutine or
Variable COMMON Description

JOCEVR WORKL Fnd location of the arca used in YARRAY to store
next-stage MINMAX values for Red.

JOPTN (1) TRIALS Value of the ith print option specified on the
previous TRIAL card.

JPRINT (1) ATACM?2 Value of the control parameter specified for the
{th print option on the RUN card,

JRA(+) WORKN Array of indices used in conjunction with the ran-
dom access file TAPE3.

JWORD GAMES Word containing "fine" grid-level indices indi-
INIT cating the numbers of planes remaining after a
one-stage battle.

KEVEL(+) INIT Array of "fine" grid-level indices indicating the
numbers of planes remaining after a one-stage
battle,

READIN Array of valid card keys recognized by READIN,

WORXKL Beginning location of the area used in IARRAY to

store numbers of'planes avallable after one-stage
battle assessments,

KOCBVB WORKL Beginning location of the area used in XARRAY to
store interpolated current-stage MAXMIN values
for Blue,

Beginning location of the area used in XARRAY to
store interpolated current-stage MINMAX values
for Red.

End location of the area used in IARRAY to store
numbers of planes available after one-stage
battle assessments.

End location of the area used in XARRAY to store
interpolated current-stage MAXMIN values for
Blue.

End location of the area used in XARRAY to store
interpolated current-stage MINMAX vatues for Red.

Last stage thru which the current STRT card is
applicable.

Index of the "fine" grid-level corresponding to the
numbers of planes remaining after a one-stage
battle.
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TABLE B-3 (Cont'd)

Subroutine or
COMMON Description

WORKL Beginning location of the area used in IARRAY to
store objective function values resulting from
one-stage battle assessments.

Beginning location of the area used in IARRAY to
store the indices of optimal MAXMIN plays for
Blue.

LOCBPR ' Beginning location of the area used in IARRAY to
store the indices of optimal MINMAX plays for
Red.

LOCBVB Beginning location of the area used in XARRAY to
store interpolated next-stage MAXMIN values
for Blue,

Beginning location of the area used in XARRAY to
store interpolated next-stage MINMAX values
for Red,

End location of the area used in IARRAY to store
objective function values resulting from one-stage
battle assessments,

LOCEPB End location of the area used in IARRAY to store
the indices of optimal MAXMIN plays for Blue.

LOCEPR End location of the area used in IARRAY to store
indices of optimal MINMAX plays for Red.

LOCEVB End location of the area used in XARRAY to store
interpolated next-stage MAXMIN values for Blue, .

LOCEVR End location of the area used in XARRAY to store
interpolated next-stage MINMAX values for Red.

‘LOCST({,k) Beginning location in XARRAY of the allocation
fractions which define the ith strategy of side k.

LOCWD Location within IARRAY where the results of the
next one-stage battle will be stored.

LPTT Total number of vertices on a "cube" in the state
space. Equals 2 raised to the NPTT power.

LUNI Logical unit number of the primary input device
(card reader). In the current version LUNI=5.

LUNO Logical unit number of the primary output device
(line printer). In the current version LUNO=6.




Variable

MALOC(-)

MFRAC

MISSN

MMISS

MSLOC

MSTAGE

MSTOR(1)

MVEC(+)

NALOC(i .})

NBATLS

NDAPST
ND1V (k)

NFRAC( k)

NFSAM (k)
NFULST (k)

NGRID( ,k)

NINGAM

NKEYS

PAB-249
TABLL B-3 (Cont'd)

Subrowutine or

COMMON Description

INPUT Input array used for temporary storage of STRT card
parameters.

SPARM Numerator of the fraction of aircraft unspecified
on the current STRT card for the current aircraft
type.

STRAT Number of missions assigned to the current ajrcraft
type.

SPARM Number of missions assigned to the current aircraft
type for which allocation fractions are not spec-
ified.

GAMES Number of the stage for which current calculations

TRIALS are being made.

TRIALS Number of stages specified on the current TRIAL
card.

STRAT Numerator of the allocation fraction for the ith

mission assigned to the current aircraft type.

ROUND Array of grid-level indices used to compute the
number of the corresponding state.

INPUT Numerator of the allocation fraction specifiéd on
the current STRT card for the ith mission assigned
to aircraft type j.

TIMER Total number of battle evaluations required for each
stage, state, and cycle.

INPUT Number of cycles per stage.
INPUT Number of ground divisions specified for side k.
INPUT Denominator of the minimum allocation fraction

specified for aircraft type { on side k.

INPUT Number of forward aAMs specified for side k.

WORKN Total number of sirategies available to side k.

WORKN Number of grid-levels specitied for alrcraft type

j on side k.

WORKN Number of clements in each one-stage/one-state

GAMES game matrix.

READIN Number of valid card keys recognized by READIN.
B-55
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I Subroutine or

Variable COMMON Description
; NMISS( k) WORKN Number of missions assigned to aircraft type }
on side k.
NMISST () WORKN Total number of missions assigned to all aircraft

types on side k.

NPNTS TIMER Total number of vertices on a "cube" in the state
space. Equals 2 raised to the NTP power,

NPTT GAMES Total number of aircraft types assigned to Blue

' and Red.
NRSAM (k) INPUT Number of rear SAMs specified for side k.
NSHL (k) INPUT Number of aircraft shelters assigned to side k.
NSKIP TRIALS Number of records to be skipped on TAPE7 and

TAPES before reading optimal plays and values
{ for the first stage of the current trial war,

NSLOC GAMES Number of the next stage for which calculations
TRIALS will be made. Equals MSLOC + 1.
NSTAGE INPUT Number of stages in the campaign.
NSTAT WORKN Total number of states for which optimal plays and
objective function values are explicitly computed.
NSTOR({) SPARM Numerator of the allocation fraction specified for
the ith mission assigned to the current aircraft
type. :
NSTRAT (k) WORKN Total number of strategies available to side k.
. NSTRTC (k) WORKN Number of STRT cards submitted for side k.
b
NTARG BATTLE Total number of planes vulnerable to the opponent's
airbase attackers during the current one-cycle
battle.
NTP TIMER Total number of aircraft types assigned to Blue
and Red., 4
NTRIAL TRIALS Number of the current trial.
NTYPE (k) WORKN Number of aircraft types specified for side k.
NVEC(+) ROUND Array of grid-level indices used to compute the
1 number of the corresponding state.
f NWORK WORKN - Length, in words, of the array XARRAY. i
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Variable

OBJEC (k1)

OBJF

OWGHT (i)

PKAA(L,§,K)

PKAAFS () ,k)

PKAARS () ,k)

PKAD(,] ,k)

PKADES(i,} ,k)

PKAEFS(j k)

PKAERS () ,k)

PKBA(,},k)

PKBAFS(] ,k)

PKBD(, ] ,k)

PKBDES(,§,k)

PKBEFS () ,k)

Subroutine or

COMMON

BPARM

TRIALS

PAB-249

TABLE B-3 {Cont'd)

Descriptior.

Contribution of side k to the value of the ith
objective function f1 (see Fquation A-1).

value of the objective function for the cuirent stage
produced by playing the optimal MAXMIN strategy
against the optimal MINMAX strategy.

 Weight w, specified on the CWGHT card to be
used as a multiplier on f1 (see Equation A-1).

Probability an airbase attacker of type j on side k
is killed by an opposing airbase defender of type i.

Probability an airbase attacker of type j on side k
is kilied by an opposing forward SAM.

Probability an airbase attacker of type j on side k
is killed by an opposing rear SAM,

Probability an airbase defender of type j on side k
is killed by an opposing airbase attacker of type
1%

Probability an airbase defender of type j on side k
is killed by an opposing airbase attack escort
of type i.

Probability an airbase attack escort of type j on
side k is killed by an opposing forward SAM,

Probability an airbase attack escort of type }
on side k is killed by an opposing rear SAM.

Probability a battlefield attacker of type | on side
k is killed by an opposing battlefield defender
of type i.

Probability a battlefield attacker of type j on side
k is killed by an opposing forward SAM.

Probability a battleficld defender of type j on side
k is killed by an opposing battlefield attacker
of type i.

Probability a battlefield defender of type j on side
k is killed by an opposing battlefield attack escort
of type 1.

Probability a battlefield attack escort of type j on
side k is killed by an opposing forward SAM .




Variable

PKESAD(,} ,k)

PKESBD(i,j ,k)

PKFAFS(J ,k)

PKFS{i, k)

PKNS({,k)

PKRAFS (), k)

PKRARS( ,k)

PKRS (i, k)

PKSH(i, k)

REIN({J k)

REINF(,k,t)

REMP( k)

RFSAM (k)

RMAX ()

ROBJ

RRSAM(K)

Subroutine or
COMMON

INPUT

PAB-249

TABLL B-3 (Cont'd)

Descrlption

Probabllity an alrbase attack escort of type j on
side k is killed by an opposing airbase defender
of type i.

Probabllity a battlefteld attack escort of type §
on slde k is killed by an opposing battlefield
defender of type 1.

Probability a forward SAM attacker of type j on
slde k is killed by an opposing forward SAM.

Probability a forward SAM on side k is killed by
an opposing forward SAM attacker of type 1.

Probability a vulnerable, non-sheltered aircraft
on side k is killed by an opposing ailrbase
attacker of type i.

Probability a rear SAM attacker of type j on side
k is killed by an opposing forward SAM.

Probability a rear SAM attacker of type j on side k
is killed by an opposing rear SAM,

Probability a rear SAM on side k is killed by an
opposing rear SAM attacker of type i.

Probability a vulnerable, sheltered aircraft on
side k is killed by an opposing airbase attacker
of type i.

Number of reinforcement planes of type j on side
k introduced at the beginning of staget.

1.0 plus the fraction of reinforcement planes of
type j on side k introduced at the beginning of
staget .

Number of remaining planes of type § on side k
after attrition.

Number of undamaged forward SAMs on side k
during the current one-cycle battle.

Maximum value in the jth column of the game
matrix for the current state.

value of Red's contribution to the objective
function,

Number of undamaged rear SAMs on side k during
the current one-cycle battle.
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Subroutine or
Variable COMMON Description

RTFP BATTLE Total ground firepower dellvered by Red during the
current one-cycle battle,

STRATS{,k,J) ‘WORK Allocation fraction in strategy k for the ith mission
assigned to eircraft type j. STRATS makes tempo-
rary use of part of the area oc:upied by XARRAY,

Total number of planes vulnerable to the
opponent's airbase attackers during the current
one-cycle battle.

Number of unsheltered planes vulnerable to the
opponent's airbase attackers during the current
one-cycle battle.

Number of sheltered planes vulnerable to the
opponent’s alrbase attackers during the current
one~-cycle battle.

TCASOK) Total CAS firepower delivered by side k during
the current one-stage battle.

TFIRE k) Total gfound firepower delivered by side k during
the current one-cycle battle.

TIMEC (k) Estimated CPU time required for the ith phase of
" calculations performed by ATACMI. Phasds
1,2, and 3 are SETUP, BATTLES, and GAMES
respectively.

TIMEI(1) Estimated 1/0 time required for the ith phase of
calculations performed by ATACM1. Phases
1,2, and 3 are SETUP, BATTLES, and GAMES
respectively. d

Total FEBA movement during the current one-stage
battle.,

Total number of unsheltered aircraft not killed by
opposing ailrbase attackers during the curren®,
one-cycle battle.

TNP{i. k) Total number of sorties assigned to be flown by
planes prosecuting mission i for side k during
the one-cycle battle.

Cumulative value of the objective function pro-
duced by playing optimal MAXMIN strategies
against optimal MINMAX strategies during the
current trial.
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Subroutine or

Variable COMMON

TOTFP (k) BATTLE

TSNK BATTLE

TXOBJF (1)

VALU(,k)

WGHT (t,k)

WORKLZ ()

WORKNZ(+)

WORKZ(+)

XARRAY (+)

XATT

XBETA( ,§,k)

XFSAM

XGRID(,j ,k)

XMOVE

Description

Total firepower delivered by side k during the
current one-stage battle.

Total number of sheltered aircraft not killed by
opposing airbase attackers during the current
one-cycle battle.

Cumulative value of objective functlon i produced
by playing the optimal MAXMIN strategy agalinst
the optimal MINMAX strategy during the current
trial.

Residual value of an undamaged plane of type |
available to side k at the end of the war.,

value of weight b, if k=1 or r_if k=2 as specified
on the WGHT car& (see Equations A-3 thru A-5).

Single array EQUIVALENCED to COMMON block
WORKL.

Single array EQUIVALENCED to COMMON block
‘WORKN.

Single array EQUIVALENCED to COMMON block
WORK.

Work array used to store strategles, battle
assessments, and MAXMIN/MINMAX plays and
objective function values. EQUIVALENCED to
IARRAY .

Number of attack sorties during the current phase
of the one-cycle battle.

Weights used to linearly interpolate an objective
function value for the kth "“fine" grid-level lying
between two adjacent grid-levels in dimension §.
XBETA(l,] k) is the weight for the value corres=
ponding to the lower level, XBETA(2,],k) the
weight for the higher level.

Number of forward SAMs available to the defend-
ing side during the current one-cycle battle.

ith grid-level assigned to aircraft type j on side
k.

FEBA movement during the current one=-cycle battle.
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Subroutine or
Variable COMMON Description

XNENG BATTLE Number of one-on-one engagements between
attackers and opponents during the current
phase of a one-cycle battle,

XNPU,},k) Number of succ: ssful sorties flown by planes of
type j prosecuting mission i for side k during the
current one-cycle battle,

XOBJF (i ,t) Value of objective function i produced by playing
the optimal MAXMIN strategy against the optimal
MINMAX strategy during stage t.

XOPP Number of sorties opposing the attackers during
the current phase of the one-cycle battle.

XRSAM Number of rear SAl4s available to the defending
) side during the current one- cycle battle.

XSORT(i,},k) Sortie rate for aircraft of type § on side k assigned
to the ith mission.
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ATACM is a computer model designed and built for the Arms Control and
Disarmament Agency for use in analyzing the impact of various force mixes
upon a tactical airwar in Europe between NATO and Warsaw Pact forces.
LTACM models an air campaign as a zero-sum staged game and employs dyna-
mic programming to solve this game for approximate, optimal MAXMIN/MINMAX
aircraft allocation strategies for the opposing sides at each stage of the
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| | campaign. The model permits multiple aircraft types with user-
assigned missions, numerical and fractional reinforcements as a function

of stage, and user seiection of the objective function used to generate

t i the optimal strategies.

‘ Descriptions of the problem formulation and the engagement and
, optimization methodologies used to solve it are presented along with a
f user's guide and CDC 6600 FORTRAN listings.
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